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PREFACE TO. THE FIRST EDITION 

:>) t 

CoNSjDERiNG'tlio importance of tlie coal-tar iniluslry at the 
present day, it is surprising how few practical text-booktf there 
arc on this subject. 1 feel, therefore, that uo aiiology is needed 
for offering to students, gasworks and tarwoi ks mauagers, and 
others interested in this industry, and in chemical technology, 
a short treatise dealing in a practical manner with the distillation 
of coal tar and the working up of its chief produefs. 

In order that this book could be produced at a moderate 
price it has been necessary to deal with the plant and processes 
used in the working up of the chief jiroducts obtained by the 
distillation of co.al tar in a more or less brief manner. Special 
attention has been given to the plant used for and the process 
of distillation of tar, as this portion of the industry is the most 
imjxirtai't, there being many works in which tar is submitted 
tc distillation, or a partial distillation, for special purposes and 
the distillates sold to other distillers for working up. 

As far as possible 1 have adhered to descriptions of plant and 
processes with which 1 have had a practical acquaintance, and 
I have drawn many of the illustrations in a diagrammatic form 
in ordei; to render them more easily understood. 

With reference to the figures relating to “change over”, 
points, temperatures used, amounts of distillates obtained, and 
so on, those given have been eraployed,in actual practice at one 
time or another, but they must be taken as guides only, as coal 
tar and coal-tar distillates, etc., are liable to variation. . 

My»thanks arc due to the firms of Messrs. Thos. Broadlient 
& Sons, Ltd , S. H, Johnson & Cp., Ltd., and Robert Middleton, 
for their kindness in lending me electros with which to illustrate 
chapter xiv. Also to Mr W. R, Ball for the great assistance he* 
has given me in leading over mwli of the manuscript. TlianlA 
are also due to my wife for the assisbaijcc she has given me in 
the preparation of the Index and the correction of the proof 
^hppt^ * 

ARTHUR R. WARNES.* 


Hull, 1913. 
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PREFACE TO THE SECOND EDITION 

•'ll ^ *■ 

Tlti; excclle.' t rccejitioii given to the first edition of this work 
and the rapidity with wliich tliis and a second iminession were ’ 
disposed of has clearly indicated to the jniblishers and the 
author that there is a need for a concise text-book on the 
subject of coal tar distillation ; hence a second and revised 
edition. In offering this to his technical friends, whatever 
its merits or shortcomings, the author liojics they will find it 
helpful to them in their works practice or their studies. 

On account of its importance' and its close connection 
with l:he coal tar industry, the subject of gas stripping has 
b'een dealt with, an entirely new chapiter being devoted to it. 
It is the desire of the author that this chapter be of material 
assistance to those who intend to erect a gas-stripping plant, 
and to gas-engineering students who aiie preparing for their 
examinations. Unfortunately, owing to circumstances over 
which he has had no control, the author has not been able to 
say all he would like about the plant used in the, process of 
gas stripping. Best thanks are due to Mr John Bond, of 
Southport, for the trouble he has taken in preparing details 
and a,diagram of his gas-stripping plant, and for liis permission 
to publish them. 

Many additions have been made to the majority of the old 
chapters, some new diagrams have been inserted, and 'the 
subjects of continuous dehydration and distillation have 
received some attention. 

Thanks are due to Mr H. P. Hird for particulars relathig to 
continuous dehydration and distillation of coal tar, and for the 
loan of several electros with wiiich to illustrate the text. 

To his esteemed friend, Mr Arnold R. Tankard, F.I.C.y 
F.C.S., the author tenders an sxprcssioii of his obligation lor 
the many valuable suggestions in coiyi^ction with the analytical 
chapter; also for sufiplying the manuscript relating to the 
bacteriological testing of disinfectants and to the Berthelot- 
Mahler calorimeter, and for preparing the table of Road Beard 
specifications. 

For, the many kindnesses shown t'' the author by the 
publishers he offers lus expressions ot‘gratitude, and his acknow¬ 
ledgments are due to Dr H. G. Cojraan feir hii kin^ permission 
to publish his methods for the detijrmination of the por- 
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viii 

Rentage of benzene, toluene, and xylene in coinmerical toiuo!, 
• and the analysis of crude benzol from coal gas. ' 

The preparing of the manuscript and drawing^ for the second 
edition of uiis work has been done under great difficulties owing 
to high pressure of work brought about by the great Europ»an 
war, and also to the maty' duties which the author has had to 
perform in connection with the Navy and Army Auxiliary 
Medical Services. • In spite of this every care has been tafe'en 
to avoid th(^ creeping'in of errors. 

To 'iiis wife, who has rendered him valuable assistance in 
the revising of the Index, the bringing together of new material, 
and the 'reading of the proof sheets, the author offers his best 
thanks. 

ARTIIUK K. WAKNES. 

Hull, 1017 . 
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GOAL TAR- DISTILLATION 


CHAPTER I 

('oal tar—itR <'omi)osition—effccl of nature of raw inatcnul ami heat of 
carboinsatKUi fui ]>hysKal ])ro])erties and (hemual cmiiposition of tar 
—resullR of practual distillaUons coaldc tar—vertical retort tar— 
increasing toluene in tar “tree larhon ’’ of tar 

• 

CoAi. f;ir is surh a (amili;fr material that it is unnorcssary to 
*give a (lcscri])ti()n of its a]ijK'arame'. It is a very complex 
mixture of chemical compounels, cliielly of the aromatic scries. 
The maimer in winch it is prepared and the nature of the raw 
material (coal) influe’iice to a wide extelit its chemical com- 
l.osition and physical ])roperties. Dealing first with its chief 
physical constant, specific grar'ity, this varies in ])ractic,c 
hedween 1.090 and 1.215. according to wthe temperature <if 
earbonis.ition or kind of retort employed. Tin- lower-gravity 
tars are generally produced when low carboiiisalion temperatures 
ar'e.usi'd, or if the coid is carbonised in chamber or vertical 
retorts. High lieats in horizontal retorts jirodiice tar of high 
specific gravity. Viscosity is affected in a similar manner. • 
Reference to Tables 1 and ll will illustrate these stalemepts. ■ 


T.M'.LK I 


' iHiRliHctt 

1 Low Heat 



Tar Mon/oiiial 

'I'ar. Iloriz-oiital 

• - Vertical 

‘diaiiilior , 

Kcl()rt<5. 

Kelt's. 

Retort 

Ketoi t « 

rciiip appittx. 

'l etup, apinox. 

Tar. 

1 .11. 

Him.“(. 



Specific gravity 

at 6c'’ I- ! 1 207 

I ono 

I 10 to I 12 

] iS • 


■ Lewis T. Wrij/ht. Jour, of Gas I.igkhng. vol. lij. p. 169. 

Higher figure Irom Proc Inst. Ga9 Enjfneers, l90.S,p. 130. 
’ Gas World, Feb. 2O. 19x0, p. 262. 
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TAliLKllJ ^ 


Tar Coal. 

Visr<)stl\ —th';’nrs. 


; Hon/oiit.il I ^Vllu,il Kf’torls. 

At 20“ C. 

C. . 

„ 70° C. . 

Spocitic Kra^■it \ 

Tlie absolute eheniieal comjKisition of ooal tar is far from 
settled, and even al tlie present day eomparatively little is 
known about it. W'ben lar is submitted to destnictive dis¬ 
tillation ujiwards of ipo definite eheniieal compounds can be 
separated from the distillates and the pitch. Whether tlfl'y* 
all exist in the tar before it is destnietively distilleil is not 
certain. That light products which distil at comparatively 
low temperatures, such as carbon disuljihide, benzene, toluene, 
xylene, jihenol, and also some najihthalene, do exist as such 
in coal tar is an established fact, but whether the same is the 
case with all ol the liiglier molecular weight compounds is 
doubtful. It is probable that some of them are formed by 
the decomposition of lower molecular weight conijiounds, anil 
also by condensation (the combination of two or more nmfe- 
cules of the same or of different substances with the separation 
of water). 

A fact to be borne in mind is that the coal tars turned out 
by the many gasworks in the world vary very much not only in 
their ultimate chemical composition, but in regard to the per¬ 
cent,-fge and quality of the distillates .and the pitch obtained 
from them when submitted to distillation in a tar distillery. 
In practice, coal t<ar on distillation is split up into the following 
chief .fractions :—Ammoniacal liquor, crude naphtha, light oil, 
tight creosote or carbolic oil, creosote, anthr.acene oil, and pitch, 
and it is from these that many valuable products are recovered. 

It has been proved in’practice th.at the nature of the raw 
material and the tanperature, of carbonisation affect the 
chemical composition, and, therefore, the quality of the tar. 
Dealing with the first condition, very shaley coal, or cannel 
coal, produce tars which yield on distillation i)rodncts contain¬ 
ing a largo quantity of bodies of a paraffinoid nature. * As 
p.aralilins are undesirable substances to certain users of coal 

>r)rW AUtwr gr - Jn„- ,.r r T„l,. .n.r 


.l.ao-o 

51.0 

2,1.0 

1.246 


J ')-3 

.!•<) 

1,124 



CONSTITUTION OF TARS 3 

Sar distillates, the o<J:uiTence of these bodies will, of cdurse, 
in su( 5 i cases Jower the market value. Practical working has 
shown that North Country coal yields a tar which on distilla¬ 
tion gives a fairly low percentage of light oils and a rather 
high yield of creosote, naphthalene, and anthracene, while tj.i 
produced from Midland and Yorkslijrc coals yields on distilla¬ 
tion rather more light o'lls and less creosote, naphthalene, and 
anthracene ;» that is if comparative methosis of carbonisation 
and temperatures are employed. 

With reference to the effect of the temperatiii-e of f,ari!)on*a- 
tion on the constitution of tars, it is found that those produced at 
low temperatures yield oir distillation, in addition to phenols of 
the carbolic acid series, phenols of a different scries rather less 
acid in behaviour and proliably of the creosol and guaiacol type. 
Also, there is a smalh'r yield of naphtlialene and of the benzene 
hydrocarbons, and a large percentage of hydrocarbons of the 
parafkn and olefine seric;;. Instead of most of the nitrogen 
(X'-curring in the form of pyridine bases it appears in the form of 
aniline and its homolognes. The amount of “ free carbon ” is 
also small. On the other hand high temperature tars, i.c. those 
produced <il high heats of carbonisation oi coal, yields on distilla¬ 
tion o ily traces of jiaraffinoid hydrocarbons, the predominatiijg 
hydrocarbons being those of the benzene, naphthalene, and 
anthracene series. The nitrogen occurs principally in the form 
ol pyridine bases, and the phenols consist chiefly of carbolic 
acid and its homolognes. The percentage of “ free carbon ” is 
generally high. In the writer’s opinion the high percentage of 
" free*carbon ” is not due so much to the high heats employcefas 
to the shape of the retort and the amount of free space. Thi^ 
is borne out by the comparatively low “ free carbon ” content 
rf tars from heavily charged retorts, and the very low “ free 
larbcMT ” content of vertical retort tar. It has been found in 
rracltco that tar obtained from heavily charged retorts ts^of a 
■lupcrior quality to that produced from light charges, in that 
it is much thinm r, contains lefts " free carbon ” and a higher 
percentage of light oils. This type of tar appears tp hold 
less water in sus])ension, which is distinct advantage. 
Figures * on record show that*there is a drop in the specific 
gravity from 1.185 W 1.105. In fliffhtly charged retorts, in 
which there occurs a good de^ of free s]jacc, part of the gas and 
probably some of the tar is “ cracked ” into lighter materials 
and “ free carbon,” and this latter substance to a very Ijrgc 
extent is carried up the ascension pipes and arrested by the tar 
in •the hydraulic main. Table III illustmtes this and gives 
other useful information. 

1 Jour of Gas Lighting, OcIoUcr il, ijjoq. 
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TABLE III' 


J, 


Tar from 


« 

Workb USIHK 
lllKh luMts 
and 

linlil < Ihirgos. 

I’lT mil. 

Works using 
niodcr.Uc licaL 
and fanly 
heavy charges. 
I’l-r cent. 

Contiunou^' 

VertKVil 

Retorts. 

Per cent. 

Water .... 
Light oils 

Carbolic and creosote oils 
Anthracene oil . 

Pitch .... 

2.0 

T.O 

Idl.O 

5-0 

78.0 ^ 

2.0 

(1.0 

32.0 

4.0 

56.0 

2.0 

. 5-6 

41.4 

4.0 

47^.0 

“ Fnx' carbon " in pitch , 

df> 

37.0 

.Y.S * 


j The average results of some practical distillations made by 
the writer, using Yorkshire, Northern, and Midland tars, arc 
given in Tables IV, V, and VI. 


TAlJUt IV 


" 

Yorksliiit* Tar. 

! NorUiem Tar.* 

C 

Gallons per 
ton tar. 

Per cent, 
by weight. 

G.iUons per 

1 ton tar. 

Per treat, 
by weight. 

Ammoniacal liquor 

l.S 

t- 

0.82 

23.10 

11-5 

^rudc^naphlba 


4 .V' 

2 20 

O.t) 

Ijight oil 

12 3 

! .l-tl 

6.70 

3-0 

Creosote 


■ig.Kj 

.^.3 00 

15.6 

Anthracene oil 

() 0' 

2. 02 

: 27..^O 

10.4 

Htch . 

II. cwts. 
per ton 

57-So 

I1.()0 cwts. 
j ])cr ton 

57-5 


^ E. G. Stewart, Trans. Loud. ancT Southern District Junior Gas Assn.. 
igi:-i2, p. 43. 

* A very watery type of tar. 
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TABLE V 
Midland Tar 





(ialloiis per * 
t«ti IHr. 

Per cent, 
by weight. 

Ammoniacal liquor 

4-.50 

2.0(5 

Crude naphtha 

4 - 3 h 

1.82 

Light oil ... . 

'18.20 

8.20 

Middle oil . 

9.20 

4.26 

Creosote and anthracene oil 

31,80 

15.10 

Pitch. 

Ig.()()cwts. per ion. 

64.50 


TABLE VI . 

Ultimate Products from Midland Tar 


go’s benzol . 

go per cent, at ibo” C. 

Heavy naphtha . 

50’s carbolic 

Cresyhc 

Pyridine bases 

Creosote 

Jhtch . 


1.85 gallons per ton 

3.10 

0.75 

375 

340 

0.30 

55-25 

13.20 cwtr 


When considering the lov* temperature tars the fact that 
they contain paraffinoid bodies should not bg overlooked 
Coalite tar is a member of the class ef tars containiilg thgse 
bodies. This tar varies in sjifecific gravity between 1.050 tine 
1.070 ; it contains practically no “ixae carbon " or naphthalene 
and the first products of distillation are very volatile. It h 
these distillates which conAin the paraffin bodies, and fron 
the tar distiller’s point of view render the tar valueless. II 
should find use as a fuel oil» or if sufficient volume can b< 
obtained to warrant separate forage ^ind distillation, thi 
lighter distillates could be employed, after rectification, foi 
motor spirit and the heavier distillate* for fuel ail. Table VII 
gives the results of two analyses of cuajitetar. * 
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TABLE VII 

(fl)^ ‘ Coalite Tar (i)* 


• Specific gravity ‘ 

Below 170'’ C. 
I 7 (V“- 27 ^.“C . 

27 o‘’- 35 t>'’ ^ 

Vitth . . 


. 1.07 Specific gravity 

I'crceiit. I; 

. 10.8 ' Water 

. 20.0 j| Up to i7o'‘'' C 

. 300 i7o°-225"C' 

. 39.2 i| 223°-240® (' 

!' 240”-270®C 

j 270°-300° ('. 

I 3 oo°- 32 o° (' 

I Pitch 


II- 1075*' 

Per cent. Iiy vol. 


2.64 


3.10 

1.3.72 

«.35 


«.35 
H 80 
12.31 

Per cent, of tar. 


40.00 


Unforlunatdj’, vcrtir.il retort t.ir exhibits the same fault a*s ' 
coalite tar in that it contains paiallinoid bodies. On this 
account it is not possible to prej>are from it suitable benzol 
and toluol from which 10 manutacture pure benzene and toluene 
arid their dorivatie'es. From an inspection of Table VIII it 
will be seen that the specific gravity of this tar and also the 
“ free carbon ” content are very low. On distillation, compared 
with coal tar from horizontal or inclined retorts, it yields a 
•smaller percentage of benzol .and toluol, very little phenol, anel 
practically no naphthalene. The jutch is of a finer qvalicy 
than that obtained from horizontal or inclined retort tar, in that 
il is brighter and contains very little free carbon. 


TABLE VtTI 

ViiRiiCAL Ketort Tar (Dessau) 


Specific gravity 

*1.^84 
Per cent. 

; Ammoniac.al liquor 

per ccQt. by weight 

• 4 - 4 " 

Free carbon . 

' 1.06 

[ U',) to 170'’ C. . 

• 3-75 

Volatile in pitch 

77-7 

! i7o°-27o°C. 
27 o'’- 35 o* C. 

. 8.00 

Specific gravity of pitch 

_1 

1.19 

; Pitch 

■ 48-25' 


* Gas World, May 5, rgog.-p, 654. 

' * Prof. Lewes (see Trade Jour., Dec. 23, 1911, p. 633). 





VERTlCAt RETORT TAR 


7 


Vertical'Retort Tar (Glover-West Continuous)' 


Specific gravity 

• 

Free carbon . 
Pitcli . 

A 


. 1.074 

I»cr cent. 

• 340 

v(Sy soft 


Water 

Light oils to 170® C. . 
Carljl he oils to 230" C. 
Creosote oils to 230° C. 
il Anthracene to 310° C. 

!' Pilch 


Per cent, by weight. 

I-.3 
5-0 
16.0 
8.9 
7-9 
60.9 


At the time of writing (1917) tliQ subject of increasing the 
yield of toluene from tar is rect'iving a great deal of attention 
on account of tlie importance of Ihis material in the manu¬ 
facture of inimilions of war. of the most interesting 

investigations in this connection is Wiat of (i, Stevenson,- who 
finds that the mixing of limestone with coal prior to charging 
iiTto the retorts increases the yield of toluene from the tar 
obtained. Some of tlic results he secured arc set out in Table IX. 


TABLE IX 


(jCANTlTY OF Tak TAKEN, 90OO C _C. 


1 

l« 

1 Nonnal 

carb(imt>ation with 

1 “ C ” washing. 

l.imeMoiic used, 
No “C” washing. 

1 

Limestone used 
.md also 1 

" C ” washing.* 

Trade naplitlia 

1 17G C.C. 

320 C.C. 1 

508 C.C. i 

Middle oils . 

720 C.C. 

850'C.C. 

i 

800 C.C. j 

Toluene in tar, lbs. \ 
per ton of coal j 

0.27 » 

1 

0.41 

1 

I.OI 


From time to time \free ’Carbon” has been a subject of 
interest and speculation as to its composition. The result of 
many qualitative cxpciimenls has caused the writer to come to 
the conclusion tliat this material is *not pure or elemental 
carbon, but a mixture of this material with other bodies of a 
high carbon content. This conclusion is supported by the 
work of Hubbard and Reeve,® who^have njade several ultimate 

' D. Fulton, Gas World, March 4915.298,* 

* Gas World, January 29, 1916. ^ 

® Proc. Am. Soc. Testing Materials, ii. 
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analyses of " free carbon ” with the results shown in T^ble X. 
and also by the work of J. M. WcissA The result of an analysis 


TABLE X 



l-roni 

To 

Carbon 

. 90.17 

94.26 

Hydrogen 

2 -.‘i 9 

3.31 

Oxygen 

1.81 

5-91 

Sulphur . 

0.50 

1.78 

Nitrogen—no trace 

upon a qualitative test. 


of average “ free carbon from coal tars made by this vn)iii.ci 
is given in Table XI. 


TABLE 

Works Samples froir 


Conditions. 


Horizontal retorts. 

Two ascension pipes, charges 5I cwts. in 6 hours, 1800® 'Fahr. 

Two ascension pipes, charges 6^ cwts. in 6 hours, 1950*1 Fahr. 

Two ascension pipes, charges mostly 12 cwts. in 12 hours, 1900* Fahr. 
One ascension pipe, charts 9J cwts. in 8 hours, 1950* Fahr.. 
Inclined retorts. 

, One ascension pipe, charges mostly 6 cwts. in 6 hours, 1900® Fahr. 
Jour. Indusf. and EngJZ^fm. vol. vi. No. 4, p. 279, April 1914. 
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TABLE XI 


Garbon . . . 89,85 

Hydrogen . . . 3.30 

Nitrogen . . . i.io 

Oxygen . . 3.13 (by difference} 

Sulphur . . . 1.28 

^ Mineral ash . . 1.34. 

The inference drawn by Weiss from many of his experiments 
is that the solvents used actually enter into combination v^th 
some of the constituents of the tar, and that the longer the 
time allowed for the solvents to act the larger the amount of 
compound formed and the greater the amount of insoluble 
residue (“ free carbon ”) obtained. 

In a paper read before the Scottish Junior Gas Association 
Dr Davidson 1 gave some interesting figures dealing with the 
variation in the composition of tar according to the kind of 
retort and the carbonising temperature employed. These 
figures will no doubt be found useful for the purpose of com¬ 
parison, and they are reproduced in Table Xll. The figures arc 
reckoned on the dry basis. 


XII 


Sales Tanks 


1 

1 Free 

„ 1 Carbon. 

Specific b., • 



Percentage by volume. 




l.y 

Up 

100® 

130® 

ntf 

230* 

270* 

Above 


weight, 

to 

to 

to 

to 

to 

to 




100“ C. 

130* C. 

170® C. 

230® C, 

270® (. 

330® C. 

(I’ltcli). 

1.182 

16.4 

•■4 

1-9 

0-3 

M -7 

9-5 

II -3 

60.9 

I.I9I 

2 C 3 

2.1 

1-3 

O.I 

12.5 

10.8 

8.1 

65-1 

1.129 

13-9 

2.0 

0.6 

0.4 

18.9 

12.8 

13.6 

51-7 

1.200 

20.2 

1-5 

0.7 

0.8 

12,7 

II.I 

8-5 

64,7 

1,176 

_ 

19.4 

2.0 

0.7 

0.4 

151 

11.2 

11.4 

59 -^ 2 * 


^ "Tar and Liquor." See Gas Wort^, April 18, 1914, pp. 523-7. 
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TABLE ' 

Coal Test Infant 

t , ' •' 

Conditions. 


Horizontal rctorls. 

('oal “ A ” (Let bysliin-)— 

(1) Coalite conditions 

(2) Ordinary roiiditions, (> 4 < \vts. in (> liours. 

Coal “ B ” (Voiksliirc) — 

(1) 4.54 cwls. in () itours, .... 

(2) 4 S7 cwts. m b liours, 1975''Ivihr. . [ 

Uttht and heavy charj'o.s. ' * * 

Coar'C” (DcM-hyshirc)— * * 

(1) 0.41 owls, m <1 hours, 19S0" J-'ahr .... 

(2) 12 21 (.ivts. in 12 houis, 2065" Tahr. 

Coal “ D ” (Derbyshire)- • 

(1) 6.52 rvvts.*m 6 hour.s, 2020° Fahr. .... 

(2) 9.5.) cwts. in 9 hours, 1980® Fahr. . ! 

Coal “ E ” (Derbyshire) — 

(1) 0 49 cwts. in (i hours, 1990° Fahr. .... 

(2) 13.41 cwts. in 12 hours, 1990" Fahr. .... 
Wet and dry mams. 

Coal “ F 

(1) Wet main, C.41 cwts. in 6 hours, 1980" Fahr. . f 

(2) Dry main, 0 51 cwts. in 6 hours, 1980° Fahr. .* * . 

Coal ” G 

(1) Wet main, h |i cwts. in 6 hours, 1920® Fahi. 

(2) Dry main, b 35 cwts m 6 hours, 1965® Fahr. 

Poor and rich coals, 

(i) Derbyshire, 6.23 cwts. in G hours, 1990® Fahr. 

, (2) Yorkshire, G.49 cwts. in 6 hours, 2025® Fahr. . 

* (.^) Wigan cannel, 5 74 cwts. in 0 hours, 2040® Fahr. 

Dessau vertical retorts. 

(1) Coal “ H ” (Yorkshire). 

(2) Horizontals for comparison, 6.44 cwts. in 0 hours, 2070® Fahr, 
WoodalI-Duckham«vertical retorts. 

(1) Coal “ I ” (Derbyshire) ®. 

(2) Horizontals for ^oijijiarison, 6.41 cwts. in 6 hours, 1910® Fahr. 
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5II. {continued) 


2x^riments 



^Frce 





« 






rerccntago by volume. 



Sj)e(:ilk 

Gravity. 

I’er^fnt. 

Up 





« 


»>v 

lou” 

I lo® 

17"* 


27"' 

Above 


wriKlit. 

to 

to 

to 

to 

to 

to 

510° C. 



100" c. 

I ti>® C. 

170® ('. 

21"' C 

270' C. 

110“ C. 

(Pitcli) 

I 120 

7 0 

.U7 

i 2 

0 1 

18 1 

To 9 

I ^ 

.3” 3 

T.lyo 

19 1 

1 5 

1 .5 

0.4 

TO <) 

10.7 

3 

0.| 7 

i.iOo 


12 7 

2 T 

I () 

•1 8 

TV 


50.2 

i-234 


.^5 

T T 

0 8 

7 9 

7 

70 

71.8 

• 

u 








i.iyo 

19 r 

1 .3 

' 5 

^4 

TO 9 

10.7 

lu-i 

64 7 

1.150 

^5 0 

1 9 

I (> 

0-1 

T 7.1 

TT.| 

15-5 

5a. I 

1.211 

2;, S 

^ 7 

2 7 

0 0 

80 

10 0 

•77 

60 0 

1.151 

>5-5 

.3 <1 

.3 ^ 

i 4 

• T 

10 2 

II-5 

35-7 

1.177 

20.5 

24 

5 1 

0 3 

n 2 

12.0 

78 

39.2 

1 -07 


1.9 

0.8 

0.1 

21.7 

IT.O 

142 

50.6 

i.iyo t 

> iq.I 

h* 

T 5 

I 5 

0 4 

T0.9 

10 7 

10.3 

<M-7 

i,2I0 

^■7 

0 () 

0 5 

S.o 

91 

5/^ 

75-9 

*•^58 

iS.y 

2.9 

0.7 

12 

M3 

9 8 

11.8 

.30.1 

1.215 

26.8 

1.0 

0.9 

04 

8.6 

8-7 

10.2 

70.2 

1.190 

24.ti 

1.4 

0.9 

0.2 

12.2 

10.3 

10 q 

64.1 

1.229 

28.4 

l.O 

1.0 

0-3 

10.2 

9.1 

7-9 

6 (j .9 


II.4 

4.6 

3-9 

1-4 

5-2 

8.y 

4.0 

71.4 

1.14 

4-'l7 

0.6 

0.4 

0-4 

12.0* 

10.7 

13 I 

62.s 

1.216 

25-8 

1-7 

1-4 

0.1 

10.0 

9.2 

79 

Oy.7 








• 


r.iio 

3-8 

1-7 

2 <) 

05 

12.H 

11.8 

8.0 

62. \ 

1.190 

19.1 

1-5 

1-5 

O..J 

TO 9 

10.7 

• '• 

10.3 

(>4 7 
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In Table XIII will be found some 4gures relating to tar 
)btained from Woodall-Duckham vertical retortf. * 


TABLE xm 

Distillation of Tar obtainecifrom Woodall-Duckham Vertical Retorts* 


Up to 100° C. . 

No. I. 

Moderate heats. 

Per cent. 

1-5 

No. • 

Hisherheats. 
Pu cent. 

0.6 

100—130 

I.O 

1.8 

130—170 

2.2 

0.4 

170—230 

11.4 

16.2 

230—270 

17-5 

14.2 

270—330 • 

18.0 

15-7 

.330—350 

•. 12.4 

6.9 

350—370 

12.0. 

9.0 

Pitch 

24.0 

35-2 


The writer considers the figures given by Tooby for the pitch 
arc rather too low. Qn the practical scale distillation is stopped 
at a temperature varying between 310° and 320° C., whereas 
in the table the residue above 370° C. has been taken as pitch. 

* Chas. F. Tooby: "Notes on the Working of the Woodall-Duckham 
Installation of Vertical Retorts at Windsor Street, Birmingham.” M. J, 
G. Assn.: Gas World, Jan. 24, 1914. 





CHAPTER ]J 

How tar is recA'cd from gasworks —tar tips—storage of far—construction 
* of storage tanks—^puinps—tar fhains. 

•• Tar is delivered to the distillers from the gasworks in railway 
tank waggons, lighters or keels, tar carts, and, less frequently, 
the distillery is connected direct to the source of supply by a 
pipe-line. Examples of the last named are to be found in 
London, Birmingham, and some other towns. Consideration 
will not be given here to the construction of the tank waggons 
and tlje other vehicles of transport, beyond stating that cylin- 
tdijcal tank waggons arc 'the best to use for tar carriage, 
A few words, however, on the plant and methods employed for 
emptying them on their arrival at the distillery is necessary. 

It is usual to provide a tar-tip into which these vehicles 
can be emptied prior to ntnning or pumping the tar to storage 
tanks, but it should be mentioned that in some cases the tar is 
run direct into an underground tar storage tank or tar well. 
The tar-tip for railway tank w.aggons may be constructed 
between the railway metals oi on the side of the permanent 
ryay, but the latter jxisition is perhaps the better both from 
tli# pftint of view of safety and convenience. A spot should 
be chosen at a suitable part of the works siding, and, of course, 
the position should be one which will allow the waggon to pass' 
over a weighbridge first. A hole of sufficient size should be 
dug between the metals and the bottom well puddled with 
clay. . A covered wrought-iron tank, well coated wjlh a 
bituminous iron protective solution on the out.side and pro¬ 
vided with a 14-inch diameter hole and cover, is lowered into 
the excavation, the sides and top well puddled, arid the earth 
filled in on the top to the sleeper level. iThe tank may bfe bui^; 
of brindled or Staffordshire bBie bricks set in cement, or of 
reinforced concrete, and in both cases the excavation should 
be well puddled first. ^ 

In the writer’s opinion a wought-iron tank is the easier to 
put in and the more suitable for this particular work. The tank 
capacity should be at least that of a large railway tank waggon; 
and the writer would add in this sonnectMn that he has used 
with economy, and to great advantage, the tank portions of 
old railway tank waggons after • they *ave beea overhauled. 
It is, of course, necessary to proviite an "outlet for the tin 

13 
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and* to connect this outlet up to a pump. In the case of old 
railway tank waggons the discharge outlet can be conveniently 
used, or, if desired, this can bo closed, and an outlet cut in one 
of the sides of the tank near the bottom. As the tar gets very 
thick in cold wcalher it is an advantage to use tank waggons 
provided with a stcanr coil and to see that a steam main and 
suitable connections are ringed up near'the tip. Warming up the 
tar will expedite tiie process of emptying considerably. As 
many tank w.aggons'are not fitted with a .steam coil, iirfange- 
nient» should be made so that a flexible steam-pipe can be 
inserted into the tank on its arrival. Tins is done by connecting . 
to the'stcam rig a piece of i-inch or ij-inch flo.xible metallic 
tubing of sullicient length to allow a foot or two to rest on the 
bottom of the tank, or else using i-inch to l.J-inch steam-pipe, 
employing the nccessarj' elbows and bends to render tlic 
piping flexible and to allsw it to ada])t itself to the iiosition. 
Unfortunately, open steam is forced into the tar, and tliis^means 
that it will become mixed with a certain amount of condcn.si'd* 
water. Also there is some risk of noxious vapours escaping 
from the manhole of the tank : covering this w'itti sacking will 
minimise this trouble., 

, The tip for a tar cart can be constructed in a similar manner 
to that just described. If it is desired to put in a small tank 
care should be taken to see that it liohls rather more than the 
volume contained in the cart (approximately 270 gallons), 
and as to its position, it is advisable to place it .as near the 
emptying ])Ump as possible. ^ 

• To empty keels and lighters it is necessary to run a jfipc 
line to the canal or river side, and lit suitable flange connections 
'at the end, to which a flexible suction ])ii)e may be attached. 
The flexible portion may be of wire-bound leather or flexible 
steel tubing (the latter is the better); and the internal diajncter 
of tliis and the pipe line should not be less than 4 iru'hes— 

6 inches is preferable. 

There are works in existence which pump the tar as received 
direct into tlie stills, but this is a plan much to be deprecated, 
and, o'f course, in large works one which could not bo adopted. 
The chief reasons why tar shAild be stored arc (a) to allow 
much of the entangled ltci»or (ammoniacal water) to separate, 
and thus reduce the p,criod and expense of distillation, and 
(b) to keep a sufficient stock in th*e works to enable it to be run 
during the “ low make ” se.ason at the various gasworks from 
which the supply is drawn. It must be obvious that storage 
tanks should be of la>gc capacity, and there are tanks now built to 
hold as much as 000,000 gallons. They are constructed above 
ayd below ground, and in thd latter case are often known as wells. 

Storage tank^ efcctcd ‘above ground arc, if built of wrought- 
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ijruu or luuu steel, cylindrical in form, or if constructed of re¬ 
inforce® concrete, cubical or rectangular solid in shape. Those 
built below ground are generally constructed of brick or re¬ 
inforced concrete, and may be cylindrical, rectangular solid, 01 
cubical in shai)e—the two last-named kinds bbing the general rule. 

As these tanks are required to hold a very considerable 
weight of material, oflen*upwards of*3500 tons, it is necessary 
thSt a site b« chosen where the strata is firm, Snd that a good 
foundation be put in. It the nature of tht strata is not known, 
it is advisable to make one or two borings at tlie chosen sije. 
In the case of underground tanks these borings should be carried 
to a depth greater than that of the depth of the tank and its 
foundation; for it is quite jiossiblc that tlie ground for some 
15 feet or 20 feet below the surface may be quite firm and then 
a few feet beyond tliis running sand or slippery clay may occur. 
In cases of this nature, if it is not possible' to put the storage 
tank in another position^ siiccial precautions must be taken 
Vivien building the foundat'on. Sliomd the tank be constructed 
of bi'iek, concrete, or reinforced concrete, and the found,ation 
built on tmsuitablc str.ata, no prec.aution being taken for this 
state of affairs, an unequal settling may take place and produce 
cracking, the result:, of which would be*serious. If the tank 
IS built of iron and subjected to the same unsuitable conditions 
the str.aining produced by unequal settling would bring about 
leaking at tire seams. On linn grounil the concrete foundation 
need not be more than t8 inches thick. In cases where 
iwngy ground has to be built upon, it is advisable to increase 
tlm thickness of the concrete and reinforce it with small section 
angle, tee, or aitch iron, arranged in lattice form. This makes 
a kind of concrete raft, wdiich will practically do away with all 
risk of unequal setthng. 

It, is very advisable to build the sides of concrete tanks on 
the reinforced principle. They may be built on the Monierr 
system, in which expanded metal nr wire network fonned of iron 
wire is arranged ^o that the thickest are placed longitudinally 
and the thinnest transversely, or on the Hennebique system, in 
which round iron bars arc employed ; ia both cases, of 'coursj, 
the metal-work is surrounded •Iry concrete. The sides of the 
tank may v,ary between 9 inches anal 18 inches in thickness, 
according to whether the tank is below or above ground level, 
or to the size of the tank. One of the*bcst mi-xings of concrete 
to use is 4; 2 :1 (G. E. Davis recommends 7:3: l), and it is 
very necessary lh<at the materials be thoroughly mixed, that 
an excess or insufficiency of watijr is a^a)ided, and that the 
aggregate is free from clay or loam. The wjt concrete should 
be thoroughly punned, best with "a painted ranuncr, and the 
moulding, boards should not be removed’until the concrete 
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is thoroughly set. It is absolutely esssntial that no tar (oj 
creosote) be put into a concrete tank until it is (juite sett and a 
period of several months should be allowed to elapse before 
putting the tank into use. If a concrete tank is constructed 
properly it will withstand a liquid pressure of 8i lbs. per square 
inch without leaking. The inside of the tank should be rendered 
with neat cement. It is‘advisable to puddle round the sides 
of concrete tanks that are built below ground beiorc filling*in 
the earth. The top of the tank may be constructed of reinforced 
cojicrele, wood, or iron plates. 

If it is desired to build the tank of bricks, those of a non¬ 
absorbent type, such as brindled or .Staffordshire blues, must be 
employed. The bricks should be set in cement, and the joints 
should not be too thick, about inch, and the tank must not 
be put into commission before the cement joints arc thoroughly 
set. As the walls are being built up, good puddle should be well 
rammed round the outer side to a tliickness of at least 12 inches. 
The thickness of the wall should be 'between 14 inches a'nd 48, 
inches, and it is advisable to render the inside of the tank with 
about J inch of neat cement. The top of the tank may be built 
of similar materials to those used for concrete tanks. Iron 
t,jnks arc sometimes placed below ground, .and if this is done 
it is essential that every care be taken in the riveting and caulking 
of the seams. It is wise to apply a good thick coat of pure 
bitumen paint, free from sedimentary m<atter, to the underside of 
the bottom and to the outsides of the tank. A concrete founda¬ 
tion should be made at the bottom of the excavation, the thick¬ 
ness of which will depend upon the condition of the groutid 
underneath. Properly made clay puddle should be rammed 
'round the sides before filling in the earth, and the tank may be 
covered in with a wood or iron roof. 

Reinforced concrete and iron tanks are the two kinds usually 
built above ground, and as the method employed in the" con¬ 
struction of the former is the same as for those placed Wow 
ground, no further description »s needed. The fact that they 
must be stronger must not be lost sight of. It is desirable, 
b^iwever, to consider briefly the construction of iron tanks. 
These tanks may be built to contain as much as 1,000,000 gallons, 
but a very usual size is«batween 250,000 and 400,000 gallons. 
As these tanks are erected in the open air, and, therefore, ex¬ 
posed to all conditions ol weather, corrosion troubles will rapMy 
set in if they are not properly covered on the outside and under¬ 
side of the bottoms with a pure bitumen paint free from sedi¬ 
ment. The under side of the bottoms should be covered during 
erection, and the^ outsides after completion. It is absolutely 
:s|ential that.-good sound work bo put into the tanks during 
;heir erection, as frdm the-time of completion they are generally 
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fflll, or partly full, of tar, and this condition will make i* ex¬ 
ceeding^ difficult, if not impossible in many cases, to carry out 
repairs without "first emptying—a very awkward state of affairs 
to crop up, say, at a busy time. 

In all cases the scams should be double riveted and thoroughly 
caulked. Care should be taken that the rivets are not too short; 
They should be of sufficient length to'allow the riveter to snap 
the«tail of th(^rivet properly, and the height of unfinished snap- 
head should be about three-quarters the diameter of the shank. 
Mild steel rivets of a good quality should be used ; poor quality 
steel rivets are apt to fracture. Rivet holes should bo drillea 
for preference; in. punching holes there is a great risk of an 
unseen fracture occurring between one hole and another, a con¬ 
dition which may lead up to a serious leak when the tank is 
put into commission. 

The sheets of mild steel of which storage tanks are built 
should be, for iireference, pressed into^hape, and their thickness 

t hquld vary, being greater for those pi .tcs which are to form the 
ottom ring than for those it is intended to use for the top and 
intermediate rings. The bottom plates need not be quite so 
thick as those of the bottom ring. As an example of the thick¬ 
ness of the various plates used in building ti tank, the following^ 
vdll pi'ovc useful. 

The tank is required to hold approximately .300,000 gallons 
of tar, and in this rase the diameter may bo 55 feet and the 
depth 20 feet. A t.'ink of this depth would be built up of four 
rings, each being .5 feet in width. The thickness of the plates 
co^<osing the bottom ring should be inch, the plates of tire 
next ring inch, the next ^ inch, and tlic plates of the top ring 
indi. A thickness of J inch is quite sufficient for the bottom 
plates. The bottom angle ring should be constructed of ‘2^ 
inches by 2| inches by i inch section angle steel, and the top 
angle ilng of 2 inches by 2 inches by J inch section angle ^cel. 
Doubl.' riveted joints, with the rivets having a pitch of 2 inches, 
are used throughout, • 

Many tanks are not covered, but if a cover is desired, it can 
be constructed of mild steel sheets of J iijch in thickness,"with, 
the exception of the crown plate»and the outer circle of plates, 
which should be of incli. The coyej is generally supported 
by a middle stanchion, on the top of which are riveted radial 
arms reaching to the circumfeftnee of tl’e tank. Two hatches 
about 3 feet square, provided with light cast-iron covers, should 
be put in the cover on the outer circle plates, and provision wiU 
also have to be made for the entry o| the taij inlet pipe, and an 
outlet for air and foul gas. This outlet pipe should be connected 
to a small purifier box to retain sulphuretied hj^ogen, etc. 

If the storage tanks are not covered, it is usual to keep abouf 
B 
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i8 Mches of water on the top of the t^r to prevent nuisance. 
It is necessary, however, to remove the water several times 
during the year, and as it will contain a certain amount of 
ammonia it shoud not be run to the drain, but sold as weak 
ammonia liquor to an ammonia works, or in the event of the 
tarworks possessing an ammonia plant worked up in this. The 
tar inlet pipe should be so constructed that it reaches about 
two-thirds the way down the tank. This will qyoid agitAion 
of the top liquor and splashing during pumping, when the tank 
contains a considerable amount of tar. Of course this precaution 
need not be taken if the tanks are covered. The inlet pipe^ 
should be of wrought-iron and of a diameter of either 4 or 
6 inches. With regard to the outlet pipe for removing the tar 
the centre line of this should be about g inches from the bottom 
of the tank. This pipe can be made of cast-iron, or better of 
welded wrought-iron, and should be about 6 inches in length 
and of a diameter of 6 inches. It is carefully riveted to the 
tank and fixed by means of a flange to a best quaUty cast-ifoy 
plug-cock. If preferred a sluice valve can be used in place of 
a cast-iron plug-cock, but all the fittings must be of iron. 

It is a great advantage to provide storage tanks with 2-inch 
,wrought-iron steam toils. They should be put in in the form 
of a gridiron and supported on rollers. A good method of 
putting the inlet and c.xliaust of these coils through the tank 
side is shown in Fig. i. The advantage of a steam coil is felt 
during the winter months, when tar, if it is cold, becomes very 
difficult to pump, owing to its increased viscosity. 

' As it is an exceedingly difficult matter to dip a tar tank’ in 
order to find accurately the amount of tar and weak ammoniacal 
liquor it contains, it is advisable, in order to check the dips, to 
insert a series of J-inch pet cocks up the side of the tank at a 
pitch of 3 inches, commencing about i foot from the bottom of 
thOttank and finishing about 6 inches from the top. 

■ Some care should be exercised in choosing tar pumps. They 
must be strong, of cast-iron tJiroughout to minimise corrosion, 
and fitted with either piston or mitre valves. For delivery into 
storage tanks, the ojiarging of stills or preheaters, or general 
transport of tar from fairly Cong distances, pumps having a 
6-inch delivery should Jjq installed. There are several suitable 
types of pump on the market. Of them may be mentioned 
three of which the writer has had experience: these are, the 
Worthington, Tangye, and Evans’ Cornish. Each of these 
three m^es gave satisfactory results in working, but the- writer 
has no doubt thaf; other, makes would prove as suitable. It 
must be remembered that the pump must be fitted with cast- 
iron rams or, plungers„or rkig packed buckets ; leather or canvas 
'packed buckets are not suitable. 
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It is^ wise plan to employ pipe lines of at least 6 inch(^ in 
diameter for the conveyance of tar, and they are best con¬ 
structed of cast-iron socket and spigot pipes. The joints must 
be made with care or else trouble will jeeur from leaks. 



Fjo. I. —A M.;Uio<l of iiisouing Sttjim Pipe iiiio Sloiogc Tanks. 


Propeily made lead-wool joints gWill givc^ highly satislactory 
results both from the point of view of saving money and 
securing tightness. Another good joint is obtained by using 
the turned and bored socket a»d spigot pipe of the Liverpool 
pattern, but it should be remembered that this type of joint 
is not suitable in situations where the pipe lines wind; lead 
joints will have to be used in those cases. 
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<rar Aills—metals used in thcMr construction—design—fittings—building 
of still—safety contrivances—swan neck—swan-neck stool—steamj, 
jHpes—charge block—dipping cock—manhole and lid—tail pipe ancl 
pitch cock—thermometer. 

In a tar distillery the pieces of plant subjected to the greatest 
wear and tear are tar stills, and very careful consideration 
should be given to the design and constniction of these pieces 
of apparatus. The portions of a still above the pitch 'level at 
the finish of the operation arc more or less severely corroded 
ammonium chloride and to a lesser e.xtent by ammonium 
sulpliide.i The corrosion is much more severe if the still dome, 
manhole, and charge pipi^ inlet arc wrongly designed, or not 
properly lagged. The other part of a still whicli often gives 
much cause for anxiety is the bottom, which, it not properly 
built or protected, or if the fireplace is wrongly constructed, 
may “ come down ” in a few weeks after being put into use.^ 

In the construction of tar stills, wrought-iron, mild steel, 
or sometimes cast-iron is used. To employ cast-iron i^ in 
the opinion of the writer, a great mistake. Although it is now 
possible to make very large castings in which blowholes are 
practically absent, freedom from this weakness does not render 
the metal suitable, as there are other faults. For instance, the 
thickness of a cast-iron still is much greater than that of one 
ccmstructed of wrought-iron or mild steel, the average of the 
.sides and top being inches, while the bottom varies between 
2 and 2j inches, the latter thickness occurring at the junction 
of the ruil-ofl pipe (^ee Fig. 2). This greater thickness of metal 
not only means a much heavier weight to support on the brick 
scatings, but a greater fuel consumption. Assisting the thick¬ 
ness of metal in bringing about the latter drawback is the some¬ 
what poorer heat cohductivity of cast-iron as compared with 
wrought-iron. Then the uneven thickness of the bottom, at 

* See ‘‘Corrosion of Industrial Iron Work,” by A. R. Warnes and W. S. 
Davey, Journal of Society of Chemical Industry, June 15,1910. The Gas 
World, April 2^, 1910, p. 528/and May 7, 1910' p. 599. 

• See "Coal Tw Distillation,” by A. K Warnes; Trans. Midland Junior 
■Gas Association for pp.* 1^-29, or the Gas World, October 15, 1910, 
p. 46?. 
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me place just mentioned, combined with the comparatively 



Fig. 2.—Diagram ui Cast'irou Tar Still (!iot to be rccominended). 


poor expansive {properties and low iensjle strSngtJi, opens up 
the risk of craclang. The writer has experienced this trouble^ 
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whv^.h is of a very serious nature. In this connection it shouid 
be pointed out that it is practically impossible to repdr satis¬ 
factorily a cracked cast-iron bottom, and therefore it has to be 
scrapped—no small matter, as it means the removal of much 
brickwork before the damaged bottom can be got away and a , 
■new one put in its place. Tlien there is the rebuilding of the 
brickwork after the repair is finished. It will be noticed on 
inspecting thi? diagram (Fig. 2) that flanged joints are usad in 
the building up of the still. This is a most unsfiitable jiind of 
joint^for a vessel that is subjected to such high temperatures as 
S, tar stiU. The chief difficulty is to keep the joint tight, even 
when the faces are perfectly trued up. The risk of a leaky' 
bottom joint is increased somewhat by the fact that the 
thickness of the metal of the bottom is greater than that of the 
sides, thus producing a certain amount of unequal expansion 
and contraction. 

Both mild steel and wrought-iron enter largely into the con¬ 
struction of tar stills, but there is.a diversity of opinidn as tp 
which is the better metal to use. It seems, however, that Aild 
steel is in greater favour. Whichever metal is chosen, it is very 
necessary to sec that the best quality is obtained. In the case of 
wrought-iron, there is always the risk of laminations or blisters 
'occurring, even in the best qualities, and the thicker the plates 
the more liable they are to this defect. The writer has frequently 
seen plates which to all outward appearances seemed perfect 
open out very badly on shaping, owing to lamination defects. 
Fracture is frequently caused by laminations or blisters, and 
aorrosion is materially assisted. Owing to the fact that wroijght- 
iron is brought into contact with fettling materials in the course 
of its manufacture it is not homogeneous in structure, and this 
state is one which also assists corrosion. Some prefer wrought- 
iron because of its fibrous structure, but this condition must not 
be considered as an absolute indication of strength, in cases 
in*.which shaping has to be done across the grain, thcie exists 
the risk of cracking. , 

Mild steel is in the writer’s opinion the better metal to use. 
It requires, however, rather more care in working the plates. 
Well made mild sheet is perfectly homogeneous in structure, 
owing to the fact that in the process of manufacture the whole 
mass is in the state of iusion. There is a greater freedom from 
impurities, and the tendency to corrode locally is reduced on this 
account. Mild steel is rather more ductile than wrought-iron, 
and, therefore, is more amenable to the treatment received in 
the process of ca^^bering, flanging, etc. 

Much care is necessary'in the process of shaping steel plates, 
and where possible this sbopld be done by hydraulic pressure. 
•When this cannot be clone, and of course it is not possible in the 
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case of repairs carried out in a tar distillery, careful attention 
must bt given to the heating of the plates, and in particular 
to the shaping of them. The plates should be first heated to 
redness and then beaten into shape with wooden mallets, using 
cast-iron templet blocks. Metal hammers .must not be em¬ 
ployed under any circumstances. Research into the causes of 
corrosion has proved thaj hammering iron or steel renders it 
mose liable to attack. This is brought about by the production 
of local straiif* and when metal hammers arc used* this condition 
is set up to a greater extent than when tbe plates are shaped 
virith wooden mallets. It has been discovered that over-h?ating 
renders iron or steel more hable to corrosion, the amount of 
corrosion product being on an average 20 per cent, more from 
over-heated metal than from metal normally heated. 

All rivet holes shoirld be drilled and countersunk on the 
inside, not punched, thirs avoiding the risk of cracking between 
one hole and another, and also the sotting up of local corrosion 
^when fhe still is in use. A. research 'mdertaken by T. Thickens 
showed that corrosion took place to a greater extent around 
punched rivet holes than around those which had been drilled, 
owing to the local shearing strain set up by the punch, and the 
writer has been able to confirm this wgrker’s results. It is 
also policy to use rivets made of the same metal as the plates T 
and they should be of ample length, to allow a good snap-head 
to be formed. The scams must be properly caulked, as lack of 
attention to this detail will lead to a number of very troublesome 
leaks. Machine riveting gives better results than are obtained 
bv..hand, and it is also more economical. It should be employed 
whenever possible. With reference to the diameter of the rivets, 
and the pitch of the rivet holes, these dimensions should vary 
according to the thickness of the plate used. A good thickness 
to employ, at least for the shell, and the one generally adopted 
(sometimes throughout), is J inch. The pitch of the rivet holes 
and diameter of the rivets should be 2 inches and | intlfToi 
wrought-iron and 2 inches and }§ inch for mUd steel. The 
centre of the rivet hole to the e*dgc of the plate should be 
inch for wrought-iron and i| inch for mild steel. As tlie top, 
or doijae, of the still is subjee^ed to tlTe action of corrosive? 
vapours to a greater extent titan the shell, and with some tars 
very much more so, it is advisable foltonstruct this portion of 
the still of slightly thicker plates than those used for the shell. 
A useful thickness is ^ inch ; the pitch of the rivet holes and 
the diameter of the rivets should be 2i inches and I inch 
respectively for mild steel and 2j inches and inch for 
wrought-iron. The centre of the ‘rivet Ifole to the edge of 
the plate should be ij inches for mild stesl and inches 
for wrought-iron. The writer slronglji regomnftnds the use 



24 COAL TAR DISTILLATION 

of mild steel for the construction of the dome and shell of 
the still. ' * 

It is difficult to say definitely whether wrought-iron or mild 
steel is the best kind of metal to use for constructing the still 
bottom. The writer has had a case in wliich two still bottoms, 
one of mild .steel, one of wrought-iron, and each put into com¬ 
mission at the same time, have “ copie down ” within a week 
of each other,,necessitating the replacing of the greater part of 
the bottom of both stills. The conditions in thi.s*instancc were 
certainly very drastic, the tar being of a very bad quality and 
the sfill bottoms not protected in any way by brickwork. The 
writer’s experience (bearing in mind the case just mentioned) 
has caused him to come to the conclusion that, on the whole, 
wrought-iron is the better metal to use. Careful observation has 
shown that wrought-iron bottoms, properly treated and pro¬ 
tected by brickwork when necessary, last longer than those 
constructed of mild stesl. An investigation commenced by 
the writer, part of which is not completed, seems td show^^ 
that metal of fibrous structure is the best kind to use for fhe 
construction of still bottoms, in all cases where a still bottom 
has “ come down,” cracked, or become badly burned, the metal 
removed from the (^imaged parts has been highly crystalline 
fn stnicture, and very brittle, even when fibrous metal (wrought- 
iron) has been used, lixperiments have shown that this crys¬ 
talline state takes some time to form in the case of wrought-iron; 
mild steel is already of a crystalline nature. It appears that the 
crystalline state, is brought about mainly by the iron taking up 
carbon, and it is quite well known to metallurgists that ^he 
greater the carbon content of the metal the more brittle it 
becomes. Brittleness is a source of weakness in a still bottom 
in many ways, and the writer has known cases in which still 
bottoms have been cracked, and even pieces knocked out, during 
the process of still cleaning. A good thickness of wrought-iron 
platl to use for still bottoms is | inch, and for this thickness 
rivets of I inch diameter are necessary. The pitch of the rivet 
holes should be 2j inches, and i| inches is allowed from the 
centre of the rivet hole to the edge of the plate. 

' Tar stills are built in various sizes, the chief being, lo, 15, 
20, and 30 tons working capacity. The 15-ton size is used very 
largely in this country, 'a great point in its favour being that 
its contents can be worked off an between 14 and 15 hours. 
Although tar stills of various shapes have been tried from time 
to time, none of these shapes has proved so satisfactory in use 
as that known as the pot or vertical still, and it is this type of 
still that will now be desclibed. The pot still is divided into 
three chief parts," namely: ^hc shell, which is a vertical cylinder 
the diameter'of which fc a htile greater than the height; the top 
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or dome, wliich, in a properly designed still, should have#very 
httle rfec in it; and the bottom, which is concave from the 
outside and pitched high. The still is provided with the 
following fittings: A safety-valve, or similar contrivance; a 
swan neck for conducting away the vapours; a steam-pipe 
inlet block, and a steam-pipe inside connected to a perforated 



^ I'ic. 3.—Diagram showing a Method of arranging Ske^h Plates on StiL 

« 

coil or criss-cross arrangement; a cljaige block, for connecting 
up to the charging pipe ; a dipping cock; a manlid stool and 
hd; and a tail pipe, with coftk, for running off tlie pitch. A 
thermometer pipe is sometimes fitted eithtr into the dome or 
the top of the swan neck. The separate parts of the still and 
the several fittings will now be dealt jvith seriatim. 

The shell of the still is built up'of wrought-iron or, better, 
mild steel plates, riveted, and of tliicknesscs already described! 
For a 12-ton still the diameter of the shell fnay be 9 feet an8 
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the ireight 8 feet 6 inches; for a 15-top still, diameter 9 feet 
6 inches and height 8 feet. The dome, or top, of thc'stiU is 
constructed of sketch plates and a dome plate (sec Fig. 3), 
riveted and of thicknesses previously described. The number 
of segments or sketeh plates varies according to the size of the 
still or the ideas of the designer ; for instance, in a 12- or 15-ton 
still tills number may be eight. The pitch or rise should not 
be more than i<j inches for a 12- or 15-ton still. A^large nunfcer 
of stills have been and are at present constructed with high 
pitcliQd domes; this is a mistake, as it does not add to the 
efficient working of the still, nor is it necessary from the point 
of view of strength, and it materially assists in the process of 



Fic. 4.—DiaKr.Tmm.jlic llliibtrdtion showing Extent of Corrosion which can take place on a 
Jiigh-pitchetl Dome. 

corrosion. As pointed out by the writer in a paper read before 
the Society of Chemical Industry,1 corrosion of tar stills is brought 
ablest by aqueous vapours containing chiefly ammonium chloride 
in the dissociated state, and proceeds most rapidly at those 
points where condensation takifs place, and where the condensed 
vapoqrs are able to trickle down the plates. A high-pitched 
•dome provides all thSse bad pjints; it is more difficult to lag 
properly, it exposes a greater surface to the cold atmosphere, 
especially of winter (mast* tar stills are in the open), and the 
manliplc is in a position which fuisther assists in the condensation 
and temporary retention of the- condensed vapours, which 
eventually trickle down the plate on the underside of the hole. 
Cases have come under the writer’s notice in which the plate 
under the manhold has been corroded through three times in 
five years, and is all cases of high-pitched domes he has noticed 
' Joum. Soc. ChtmicatIndustry, June 13, 1910, No. 11, vol. xxix. 
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H large amount of grooving on the inside. Fig. 4 illus*rates 
diagraftimatically the extent of corrosion which can take place 
on a high-pitched dome. The correct type of dome to use is 
shown diagrammatically in Fig. 3. 

The still bottom should he constructed of wrought-iron 
plates, of a thickness already described, and these plates must 
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* Fig. 5'-a Method of dininuiiif I’l.iicsfoi rlill nntlnm (Diapr.immatic). 


he well riveted and properly caulked. Sometimes still bottoms 
are constnictcd in one piece, but tliis is not a good plan; it 
makes repairs more costly and the bottom is not so strong^ 
The most satisfactory way is to construct the bottom of a number 
of segments, or sketcli plates, united at the crown by a circular 
plate known as tlie crown-plate. Tlic number of segments may 
vary between 8 and 12. Methods of arranging these and 
the crown plate are shown diagrammatically in Figs. 5 and 6. 


CROWN mn 



Fig. 6 .—A Method of anaugint; Pl.ilt-s for Still Bottom (Dugrammatic). 

• 

The diameter of the crown plate varies between 2 feet 6 inches 
and 3 feet. It is advisable, that the rise or pitch of a still bottom 
should be as great as possible. For a 12- oj 15-ton stdl the rise 
should be 2 feet 9 inches, and for a 30-ton still 3 feet 6 inches. 
The bottom is joined up to the shell in^two y/kys: («) by angle 
iron, and (6) by means of what are known* as channel platA. 




I'll,. H. - Channel Hetluxi of jouiiiig 
thHtoiu of Still to Shell. 


Fig. 7. - Angle Method of jouung Ihillomof 
Still to Shell. 


• The advantages of building a high jutclicd bottom to a sttll 
arc, (a) a large heating surface is secured, (6) the metal can 
contract and expand with comparative ease, thus minimising 
strain, (c) the stiffness of the bottom is increased, (d) the 
draining off of the pitch is materially assisted. 

' Mthen a tar still is w'orking normally, there should bd very 
littlS pressure inside, but should a stoppage occur in any portion 
of the condensing w'orm, a seri«us pressure may be set up. In 
order to give w'arning that a stoppage has occurred, and at the 
same time relieve abnormal pressure, a safety-valve, or a similar 
contrivance, must be fitted to the still. Safety-valves of the 
dead-weight type are tl^p .best to use. The valve should be 
designed with as shallow a casting as possible on the vapour 
side of the seat in order to avoid a stoppage by solidified an¬ 
thracene or naphthalene salts. A type of valve designed by 
H". Astbury and the writer, which in practice has given 
excellent results, is«shown ^n Fig. 9. The safety-valve stool 
should be cast as shallow as possible, and riveted on to the still 
dome (see Fig 10^. Tig; seat nhould not be too narrow, and the 
valve should be weighed to blow oft at a pressure of 6 lbs. to the 
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.square inch. Anotliej- contrivance often known as the ^-pipe 
is illifttrated in Fig. ii. This device is nothing more than 
a water seal, *thc two limbs of the U-bend being filled with 
ordinary water. The length of each Hmb should be .3 feet 
9 inches and the internal diameter of the tuKfe | or i inch. There 



is a much greater risk of this safety contrivance becoming 
dogged than with the safety-talve just described ; the clogging, 
of course, taking place in the upright tube; The S-tube may be 
fitted to the top of the swan neck, or on the still dome. 

The swan neck should be made of cast-ifon, and is bolted on 
to a swan-neck stool (see Fig, 12). Cast-iron is used because 
it is easier to manufacture a fitting of ^his shSipe^n that metal, 
and it also resists to a far greater extent than wrought-iron br 
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mild^steel the corrosive action of some of the tar distillates.. 
The internal diameter of the stool should be 12 inches cfhd the 
swan nock tapers from 12 inches down to 4 in«hes. A flange 
must be cast on the narrow end for the purpose of attaching it 
■ to the condensing coil. The swan- 

neck stool should have cast on to 
it a short iength of about 4 inches 
beyond the lower flange, which Will 
project into the still \rtien thc.stool 
is riveted into position. This will 
])revent any condensed vapours from 
Flo. i«.—Safsiyvaivc stool. trickling down the inside of the 
dome, and so assist in minimising 
the rate of corrosion of the plates of the dome. 

For the purjin-se of reducing the lemperature towards the 
end of the tar-distilling operation, and to keep the still contents 
in a state of agitation, in older to jirevent as far as possible the 
coking of the pitch on the bottom• plates, it is necessary to, 
provide the still with open steam coils. At the point where 
steam enters the still, it is necessary to fit a steam-pipe inlet- 
block, which is made of cast-iron, and of a 
(jesign shown in Fig. 12. It is just as well 
to provide two valves on the steam main 
in order to reduce the risk of a leakage of 
condensed steam into the still, should one 
valve become defective (see Fig. 12), and 
it is not a bad plan to introduce a small 
pet cock between the two valves, through 
which any condensed water may be blown 
before the steam is admitted into the 
still; Fig. 12 illustrates this. The steam 
inlet pipe may be of 1 inch or inch 
‘inteqjal diameter. Tliis pipe is con¬ 
nected inside the still to one of a similar 
diameter, and of such a lenglii that it 
reaches the crown plate of the still bot¬ 
tom. Tlere'it is coupjed up to a 4-, G-, 
or 8-way piece. Into the outlet* of these 
fittings, pieces of perfor^tj^d pipe, bent 
to conform to the shape of the still bot¬ 
tom, are fitted. The internal diameter 
of these pipes shouM be about ^ inch, 
and the holes should be drilled in such a fk. ii.-s-Pipc saicty Conw- 
position that the ieam, 3^ it emerges, “ 

impinges upon the plates of the still bot- ^ 
tom. The pjtch* of tlje helss should be 6 inches, and they 
sfiould be drilled dn each side alternately, an occasional one 





PLANT USED IN THE DISTILLATION OF TAR 31 

)eing placed right underneath. The end of each steam^ipe 
hoviId,<)f course, be closed by a plug or cap. As regards the 



engths of the perforated pipes, thele often have to be deter- 
uined by a working experience ^^tJl the stiU "into which they 
ire put. It is often found that coking will take place to a 
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gres^er extent on one part of a still boftom than another, and 
sometimes even in the trough or channel, and when thih occurs 
it is necessary to arrange that jets of steam {ilay upon these 
parts. Several methods of arranging these pipes are shown 
diagrammatically iti Fig. 13. 



I’lG. 13.—Atraiigcmcul of Slcam pistes. 


To couple up the charge pipe to the still, a casting often 
termed a charge blbck is provided,' This fitting is riveted on 
to the still, eitW just below the point from which the still- top 
or dome springs, «r just ^bove that point on the dome itself, 
Of the two positions the latter is the better, in any case so far 
as minimisiiig ‘corroaon is. concerned. In the writer’s ex- 
^terience, with inlets fitted to the still side there has always 
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been seyo& corrosion. .A good type of charge block and^wo 
methods of fittjqg it to the still are shown in Fig. 14. 

In order to -prevent overcharging, the still should be fitted 
with a dipping cock or an overflow tap. The.latter is 'preferred 
by some; and if it is desired to fit it 
to the still, it should be placed at 
the full-charge level. Ait arrange¬ 
ment for carrying away any tar which 
may overflow should, of course, be 
provided. If the still is charged 
Jrom a preheater, or a blow-boiler 
which contains an exact still charge, 
then an overflow tap is not neces¬ 
sary. It is contended by some that 
a dipping tap is unnecessary; but, 
particularly in the case of stills 
charged by preheaters, it is advis- 
»bl« to use this fitting, as there 
is a possible chance itf the charge 
pipe between the preheater and the still becoming stopped, and the 
use of the dipping tap provides a ready means by which the still- 
mar, cai find out that the still is charged and also approximately 
check the volume of tar in the stilt. The dipping tap may be an 
ordinal^' i-incli cast-iron plug-cock, and it is advisable to rivet 
it to the still by means of a flange. A combined steam inlet and 
dipping tap block is shown in Fig. 12. The dipping rod can be 
made of narrow flat bar iron. For an overflow cock some^ 
prefer to use a i-inch brass or gun-metal bib-cock, but as these 
metals are so easily corroded by H^S, N11401, etc., it is, in the 
writer’s opinion, best to use cast-iron 
gland cocks for this purpose. 

In order that men may enter the still 
for cleaning purposes, conducting repal^^ 
and making inspections, it is necessary 
to provide^hc still with a manhole and 
a lid to cover it. As there is aji element 
of ilanger to the workman while he is 
inside the still, it is advisable to make 
the manhole ratli*r larger than the regu¬ 
lation sije employed by boilermakers. 
The reason for this is.that should a man 
become " gassed ’’ and have to be hauled 
out of the still at the end of a rope, great difliculty would be 
experienced in dragging the man through *a regulation size 
manhole, and in cases like this rapidity of action is of the utmost 
importance. Oval manholes of 18 ihdhes by li inches could be 
used with advantage. 

C 



Fic. 15 —Manhole and lid, 
Wrong Type. 



1 iG. 14. -IMagrara showing Methods of 
fttling Charge Blocks to Still. 
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It is a common practice to construct manholes as shown in 
Fig. 15. This is an expensive and also unsatisfactory design. 
Owing to the large amount of surface exposed to the cooling 

influence of the atmosphere, 



excessive condensation takes 
place in the casting, and the 
condensed vapours trickle 
down the side of the still. 
This brings about excessive 
corrosion. There are cases 
which have come under tho 
writer’s notice of still plates 
having an original tliickness of 
5 inch being corroded through 
in eighteen months. The best 
type of manhole and lid to 
employ is shown in .Fig. 16. 
This design enables the stili- 
man to cover the manlid 


Fio. ic.—Draw-nr Maniiii, Coim I Typo. completely with lagging, for 

instance a silicate cotton mat, 
after he has drawn the manlid tight. There are no pro¬ 
jecting surfaces, and even if lagging is not used, the risk of 



Fic. 17.—Butterfield Cock. 
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condensation is very much less than if the type shown in Fig. 15 
is adopted. * 

The tail-pipe or run-ofi pipe should be constructed of wrought- 
■ iron or mild steel, and should bo riveted to the still casing and 
channel plate. One example of how tliis is done is shown in 
Fig. 12. The portion attached to the still must be carefully 
flanged, and tjjc rivet holes drilled, not punchedf It may be 
4 inchej or 6 inches in diameter, and not less than 18 inches 
long, and should be provided with a flange, welded on, in o»der 
to connect it with the nm-off cock. Tlie run-off tap may be 
*bf the main cock or Butterfield type (Fig. 17), and the plug 
should have a full-way. In the experience of the author 
cast-iron gland cocks do not give such satisfactory results. It 
is advisable to place an expansion joint between the cock and 
the pipe which connects it to the pitch cooler. 

In this country thermometers are flot often used with tar 
stjlls, but should it be desiKid, it is advisable to enclose the 
thcrftiometer in a case or tube. The tube may be constructed 
of wrought-iron, welded at the bottom, and a few holes drilled at 
that point. The top portion should be provided with a flange, 
by means of wliich it i i riveted to the still dome. It should be 
placed a.i near the swan-neck stool as possible. The thermometer 
is of course provided with a collar, so that it can be screwed into 
the tube and thus prevent the escape of vapours. 



CHAPTER IV 


PLANT USED IN THE DISTILLATION OF TAR (contimicd) 

Still foundations—settling—ash-pits—fireplaces—settings—curtain arch 
‘ —flues—burners for .gas firing—gas sower—coal v. gas firing. * 

It is important that tar still foundations should be good solid 
ones. Before erecting a single tar still, or a battery of them, 
careful consideration must be given to the choice of a site. If 
not already known, the'state of the ground should be examined, 
and if it is found to consist of soft gravel, moving sand, or soft, 
wet clay, then the position should be rejected : compact gravel 
or hard, dry clay are the best to build upon. On good solid 
ground of this description a foundation made of properly 
prepared concrete, and of a tliickness between 6 inches and 
9 inches, will be found quite suitable. It should be borne in 
mind that in cases of foundation building it is as well to err on 
the side of safety, and should there be any doubts as to the state 
of the natural foundation, a thicker concrete foundation, or 
one made of reinforced concrete, should be put in. Although 
cheaper, lime concrete must never be used, and cement which 
has become damp should be studiously avoided for concrete 
making. Due regard must be paid to the time taken for cement, 
concrete to set: if, after a lapse of twenty-four hours, it is found 
to be soft, the lot should be pulled out and replaced by a better 
:r.ake. Every endeavour should be made to avoid excessive 
setthng of a tar still, for if this takes place, many difficulties 
will subsequently arise. Xihe making of a satisfactory joint 
between the swan neck and the condenser coil will not he 
possiblei the incoijiplete draining away of the pitch from the 
still, and serious cracking of" the flues, are some of the troubles 
which will be brought^ ajiout. 

To a very large extent the efficient working of a tar still 
depends upon the care used irfthe designing and building of the 
flues and the setting of the still. Bad designing and caretes 
• building will result in one, several, or all of the following troubles: 
(a) An excessive»consumption of fuel; (b) a prolonged operation, 
resulting in extra labour, expense, etc.; (c) boiling over at the 
commencement of the operation ; (d) burning of the still casing; 
(e) increased corrosion, owing to unequal heating produc^ 
strain or to severe heating of plates not covered with liquid; 
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(J) bringing down or burning out of the still bottom. As i^uch 
attention should be paid to fuel economy in connection with tar 
stills as with steam boilers. It is quite*possible in a large works 
to bum per annum 600 tons of coal over and above the normal 
quantity, should the flues be improperly built* This is no small 
item. 

The flues and the fireplace should be constructed of the very 
bestifirebrick jnd fireclay ; easily fiLsed firebrick,will cause no 
end of.trouble if used. Those bricks having a melting-point of 
about 3000° Falir. are the best to employ. For outside wmk, a 
non-absorbent brick must be used, and brindled or Staffordshire 
*'olue bricks prove very satisfactory in this case. The object of. 
using this type of brick is to prevent the absorption of moisture 


OUTEIIWAU 



during rainy weather, for if tliis takes place, serious crackiti§ 
of the brickwork will inevitably follow. In a battery of stills 
the spaces between the outside of me flues and the straight e^e 
of the outer wall (see Fig. 18) should never be filled in jrith 
grouted broken brick or concrete, Jiut should be built in properly 
with common brick set in ordinary mortar. The mortar should 
not be laid too thickly between the bfleks, either for the inside 
or outside work: a thickness of*^ inch is ample. This remark 
applies also to the fireclay used in setting the firebricks. The 
firebricks must be clean and free from dust before laying, and 
if very dry they should be moistened with w^er, otherwise the 
fireclay will not adhere properly to ttiem. The writer recom¬ 
mends pointing the outside work with nea* cement, and 
covering that at the top with cemeiit renderijig rdughed with • 
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a lijtle sand. The object of roughing is to minimise the risk of 
the Stillman and his assistants slipping when walking on the 
still top. It is advisable to build the top brickwork with a 
slight fall towards the edge and to put in an overhanging coping 
of round or bulbnrose bricks (see Fig. 19). 

The thickness of the ordinary brickwork outside the flue 



should be at least 18 ilicfies. In the case of a single stiU, this 
brickwork may be built round the flues, forming a cylinder. It 
is necessary to strengthen the brickwork by encircling the same 
with straps or bands made of flat bar iron. The brickwork of a 
battery of two or,more stills will remain in excellent condition, 
and not develop serious erheks, etc., if strengthened by means of 
buckstaves and tie-bars. , ^ 

The structure from the concrete foundation to the under 
o 
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portion of tlic floor of lh« combustion chamber is built of ordinary 
brick. It is necessary, howeucr, to build the floor of the com¬ 
bustion chamber with firebrick. This kind of brick is also used 
to build the still seating, and, of course, the flues. In the lower 
portion of the structure, an opening is left for the ash-pit, the 
floor of which should be, for preference, on a level with the" 
ground. Some tar distillAs prefer to build the ash-pit below 
groilnd, but i» the writer’s opinion this method‘is not so safe 
as the* former, .should the still bottom spring a leak, and the 
ignited tar commence to run rapidly into the ash-pit. 4 t is 
*much easier to put out a fire with sand in the case of an ash-pit 



built on the floor level than one tuilt below ground. The fire¬ 
bars are of that pattern employed for burning small coal (slack 
or smudge), and are supported on bearing bars and provided 
with a dead ph.te, as usu.il. A cast-iron door frame is built in 
and arched over during the building p£ the front portion of the 
external brickwork. * 

The stiU is supported on afi annular ring of firebrick, built 
several courses high, and sprung from the floor of the combus¬ 
tion chamber (see Fig. 20). At a point opposite the fire door 
position, openings arc left for the purpose of allowing the passage 
of flame and hot gases to the flues. The portions of the channel 
plate of the still over these openings 'n the anmflar/ing must be 
very carefully protected by building small brick arches undei* 
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thew (see Fig. 22), otherwise the metal jwill soon suffer severely. 
With reference to the size of these openings^, they will vary 
according to the dimensions of the still, one 9 inches from the 
base to the top of the arch rise by i foot 6 inches wide will prove 
large enough for 'most purposes. In between the top of the 
'arch rise and the channel plate of the still at least 12 inches of 
firebrick should be built. It is advisable in most cases to pro¬ 
tect the bottefm of the still with a firebrick arch,»kno\vn techni¬ 
cally as a curtain arch. This arch is sprung from the annular 
ring'just referred to (sec Fig. 22), and is of course built of the 
best quality of firebrick. The arch should be built in such a,. 



Fio. SI.— Diagrammalio Ropresmlation of Gas Inlet and Outlet in Single Wlieel Flue (plan). 


faMon that it provides approximately 4J inches of bnckwork 
against the still bottom. Some tar distillers prefer to leave a 
small air space between the firebrick and the still bottom; the 
writer can recommervl this method in cases of bad tar. 

In order that the pitch cafi be run off readily and the still 
drain well it is necessary to place the still on its seat with a fall 
towards the tail or run-off pipe^. This may be approximately 
J inch to the foot or, say, for a still of 9 feet 6 inches in diameter, 
4J inches. The nin-o'ff pipe and cock are liable to become 
“ set-up ” with a plug of cold pitch at times, especially during 
cold weather. Tor avoid (his trouble as much as possible this 
appendage to t^e still must be protected from draughts and 
cold air. This is done by building in the greater part of the tail 
pipe and construdting a brickwork recess to cover the run-off 
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cock. Into the recess, jnd covering the cock, a quantity of 
sand is placed before commencing the distillation. Should by 
any unlucky ch^ce the cock become “ set-up,” then a little 
cotton waste saturated with creosote can be placed under it 
and ignited, and the heat from the combustton will melt the 
pitch and set the cock free. 

Of the several types of fl«e, that known as the wheel flue is the 
best;* This kiq^ of flue is built single or double •according to 
the sizcof the still: a single flue being used for small stills up to 



15 tons, and double flues for the larger sizes. In the case of 
double flues two openings must be built in the still seat instead 
of one, in order to spht the hot gaSes and send them in opposite 
directions round the bottom of the flqe. These openings need 
not be quite so large as that of the hot gas exit of a single wheel 
flue. Immediately above the irch over the firebars a g-inch 
mid-feather or baffle wall is built to the totsd height of the two 
flues. On each sffie of this mid-feather an opening is made in 
the lower flue cover, in order to allow,the hot gases to pass into 
the upper flue, the mid-feather causing the gases to flow in two 
directions towards the back of the still, where thSy gome to the 
downtakes, which in turn lead to the main flrfc. A ^mper is 
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al\v;iys fitted in the downtake to rcgjilatc the combustion of 
the fuel. The top flue is covered in by overstepping several 
courses of firebrick, or using firebrick flue coVers, i.e. slabs of 
firebrick known as burrs. Tar still flues are generally built 
9 inches or 12 inflies wide, and of a depth varying with the size 
of still. 

In a single wheel flue the mid-feather or baffle wall must 
be built in Irrtrveen the gas inlet to the flues an»l the downtake, 
in order to cause (he hot gases to encircle completely file still 
(sea Fig. 21). The width of the flue may be the same as that 



of the double wheel flue, and it is covered in in a similar manner. 
Wliether-double or single wheel flues are built, it is advisable to 
protect the bottom portion oDthe still shell with a few courses of 
firebrick when very bad^tar has to be worked. In order that 
this may be done it ts necessary to recess the outer bottom 
portion of the flue. Fig. 22 illustrates the manner in which 
this is carried outj To secure the most satisfactory result the 
firebrick lining of the flues should be built of circle bricks of the 
required radius., These can be made to order, and may be 
obtained from any respoilsiblc firebrick manufacturer. 

In building the flue, it {ihould be remembered that the still 
shell will expand«and contract throughout each operation. There 
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is on this account alwjys a certain amount of difhcultji in 
keeping the various parts of the flue tight. In the case of the 
mid-feathers or ftafifle walls this may be overcome almost com¬ 
pletely by riveting a piece of angle iron to the still, and building 
the firebrick on both sides of the projecting portion, as shown 
in Fig. 23. As regards the top cover of the flue, there is less 
difficulty here, owing to the number of courses of brick built 
abo\% it and tljp manner in wliich the top of the still is covered 
(see Fig. 24). Only skilled furnace builders should be em¬ 
ployed to erect the furnaces and flues ; ordinary bricklayers. 


PLm 



as a rule, are not sufficiently conversant with this kind of work, 
and will generally turn out an unsatisfactory job. 

If it is desired to employ gas for firing, careful attention must 
be given to the design and building pf the gas and air inlets, 
passages and burner. Ignition of the gds should not take place 
until it h.as reached the combifstion chamber, and the air and 
gas should mix just before they enter that place. The volume 
of air and gas is controlled by valves, slides, or dampers, and the 
gas is admitted to the burner passage from thtygas sewer or main 
gas flue by a mushroom valve, controlled by a spindle and 
wheel. Both the gas and air pa'j.sages arc built ^of firebrick 
throughout, and, of course, will run parallel to “each other. 
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Wa^er-air gas is generally forced into, the gas sewer from tne 
producer, and is therefore hot when it reaches the ga!»-bumer. 
The air is wanned a little during its passage fo the burner end 
by the hot bricks with which it comes in contact. Two methods 
of building a producer gas burner are shown in Ing. 25. The 
ordinary firegrate is not dispensed with; it is useful in case 
the gas supply fails, and sometimes us an auxiliary. If desired, 
a Terbeck on Cumberland burner may be employed instchd of 
using the burners ^ust described. Figs. 26 and 27 will give a 
general idea of these pieces of apparatus. The firing of tar 
stills is dealt with on pages 46 and 47. , 

After the still settings are finished sufficient time should be 
allowed for the brickwork to dry out. If “ green ” brickwork 



Fig. 26.—Mixing Tube of Terbeck Gas-Ared Furnace. 


h eated a deal of steam is generated and this, due to expansive 
iSfce, brings about cracking, sometimes of a seriouS' nature, 
which will eventually lead t^ a weakened structure and leaky 
flues. It is wise to allow one or two months to elapse, according 
to existing conditions, before starting up the fire, the damper 
being kept open aU'the time in order that a current of air can 
pass through the flues and assist in drying the brickwork. A 
few days before startirtg \he still it should be charged with tar 
and a slow fire Ughted in the grate and kept going for two or 
three days. • . 

The gas sewer is built below ground, along the whole range of 
stills, and careful brick setting is necessary in order to avoid 
leakage of gas. The outfide brickwork should be of best blue 
brick, and the joints made (jf cement mortar, and not too thick. 
The lining is bmlt of firebrick, properly tied into the outer wall. 
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The sewfr is covered in, 
with a semicircular arch 
of firebrick internally, 
and blue brick extern¬ 
ally. It is advisable to 
provide the sewer with 
sevej^al inspection holes 
about 18 inche»by 2 feet 
6 inches in size, covered 
with cast-iron lids. 
t Several advantages 
are secured by the use 
of producer gas for firing 
tar stills, among which 
may be mentioned: (a) 
The operation of distil¬ 
lation may be controlled 
Somewhat more easily; 
(i) the risk of prosecu¬ 
tion for making black 
smoke is obviated ; and 
(c) fe\,’cr men are re¬ 
quired to work a bat¬ 
tery of stills. A little 
more coal is burned per 
ton of tar if producer 
gas ’■ s the fuel employed, 
but the cost of this is 
not so great as that for 
extra labour if the fur¬ 
naces are coal fired. For 
instanfe, an experiment 
made on a battery of 
tar stills run tw-enty 
times on coal fire:, and 
twenty times on gas 
fires, using producer 
nuts as the fuel in both 
cases, gave the following 
average results;—With 
gas firing consumed 1.32 
cwts. coal per ton of tar 
distilled, and with coal 
firing 1.16 cwts. coal per 
ton of tar distilled. The 
extra cost for coal when 
using producer gas ap- 
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prc^timated o.48d. per ton of tar distilled, while tfie extra 
cost for labour when the furnaces were coal fijed approximated 
o.84d. per ton of tar distilled. 

It is convenient in this place to say a few words on the, 
subject of still fifing. As with steam boilers, the firing of tar 
■ stills should receive strict attention in regard to fuel economy. 
It is an easy matter to secure poor dfficiency with either ctml or 
gas firing, ewn if the still settings are of the fif.st < rder, if the 
still fireman is careless in the way in which he manipulates his 
coalfire or his gas-burner. 

In the rase of co;d firing many firemen are devoted to what* 
is known as “ spreading firing ” or “ spre.ading." as this method 
gives tliem the le.ast trouble, lint it should not he .allowed owing 
to the lad that it is uneconomical and black-smokc-produdng. 
If the practice of firing little and often is coupled with " spread¬ 
ing,” and if due care is taken to admit the cori' ct quantity of 
air. the production of hkack smoke is much reduced, but as this 
method means hard work it is not likely to receive favour a^ 
the hands of the ordinary still fireman. 

The best method of firing is known as " coking firing,” and 
it consists in shovelling the coal on to the do,ad plate and front 
ends of the firebar?. As the fuel becomes incandescent it is 
pushed tow'ards the back of the grate and more “ green ” coal 
supplied to the front. With this method, there is little if any 
black smoke, and there is a saving in coal consumption. The 
thickness of the fire should not be less than 5 to 0 inches, and 
shallow places must never be allowed to form. If they do an 
txcess of air will pass through into the combustion chamber, 
and this will reduce the temperature of the hot gases, tend to 
retard perfect combustion, and raise the fuel consumption per 
ton of tar distilled. In theory, 13 lbs. of air arc required for 
;ach 1 lb. of coal burned, but in practice it is necessary tc^supply 
itlbs. to 20 lbs. for this amount of coal. To obtain ths proper 
:}tlantity of air, careful attention must be paid to the mani¬ 
pulation of the flue dampers tftid the air grids on the fire doors, 
is well as to the thickness of the fire and the regular cleaning 
if the firebars. 

In the case of gas firing oni? of the first things to be borne in 
mind is the risk of exjjloeion on lighting up if a very simple 
precaution is not taken, namely, ^that of placing a few shovelfuls 
of burning coal or some lighted cotton waste on to the floor of 
the furnace before lurhing on the gas supply. Often a small 
fire is lighted on the firebars of the still furnace, using slack, 
and when well alight the gas is turned on. Occasionally small 
quantities of slack are spread over this fire, so that the firebars 
are kept covereiJ to a depth of about 2 inches. 

Some prefer nbt to use a small coal fire, as just described, 
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and yet jetain the'type pf furnace employed for coal firing, in 
case the gas fails. What is done in cases like these is to cover 
the firebars with firebricks, or to remove the bars and bearers 
and replace them with stopping. Of the two plans the latter 
Is the better as it gives more furnace room and fillows for a more 
satisfactory combustion. Whichever method is adopted the 
gas must be admitted grtiduaUy until the still fireman is 
satisffed that alWhe gas coming forward will be ignited. 

As the gas-burners are supplied with air ports it is a much 
easier matter to regulate the air .supply in order to maintain 
jjroper combustion than it is with a coal-fed fire. The pro¬ 
portion of air to gas is different to that necessary for the proper 
combustion of coal. Theoretically, for complete combustion 
it is about an equal vonime, and in practice very little more 
than this is required. The best results arc obtained with gas 
burners when the gas is supplied to them under a constant 
pressure, but to do this it is necessary to' put in a gasholder. 
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Ereficaters—corrosion of preheater coils-advantage of preheaters—con- 
tosing coils—corrosion of condensing coils-londenser roil tanks^ 
steam coils-jolicctmg and dividing boxes- -foul gas mains-merf 
gases--methods of running di^stillatcs to receivers 
1 'i eeeeivers—steam valves—pitch coolers—French 
A T P'*e*> g“tteis—pitch bays- emergency pumps—plant for 
the dehydration of tar—plant for the continuous distillation of tar. 

A PEEHEATM (see I'ig.«28) is very similar in shape to a tar still 
the only difference being that the bottom is flat. It is con¬ 
structed of wrought-iron or mild steel plates, and of a size to 
hold a little more than the charge for the still to which it is 
atta,chcd. As wear and tear are not very great, plates of 
moderate thicknese are used in its eonstruction ; mild steel 
plates of I inch or jV inch are quite thick enough. The mount¬ 
ings consist of: (a) A cast-iron charge pipe block or stool with 
a 6-inch or 8-inch hole, to which the charge pipe is connected ■ 
(6) a small cast-iron swan neck fitted on to a cast-iron stool 
for connecting to the vapour pipe, which in its turn is fixed to 
' a common main leading to a condensing worm. The swan 
neck may be 4 inches bore at the inlet, tapering to 2 inches at 
the outlet. In the wnter s opinion 2-incli or 2l-inch wrought- ^ 
iton stcam-pipc, extra thick quality, suitably bent and connected 
to a flange, serves this purpose quite as well, (c) A il-inch cast- 
Oron gland cock fitted near the top of the preheater/ through 
-which a dipping rod may be inserted in order that the workman 
can find out -when the voss«l is charged correctly; if desired 
instead of a dipping tap a flange can be riveted on and fitted 
with a ij-inch plug; the plug being removed each time a dipping 
operation is to be carried ftut. {d) A wrought-iron screwed- 
flange of anneh bore, tq which is fitted a 2-inch wrought-iron 
overflow pipe. This'pipe is connected to a common main 
leading to a special tar tank. "The overflow outlet is plar-d in 
such a position that- at the finish' of a distiUing operation a 
correct still charge of hot tar remains in the preheater ie) A 
wrought-TOn pipe of 3-incli bore, wliich is known as the dis- 
charge pqpe, to which is connected a 3-inch cast-iron gland 
cock. This ptoe is placed.on the side of the preheater at the 
bottom, ff) A manhole of 18 inches by 12 inches with draw-up . 




Fic. 28.—Diagrammatic representation of Preheater. 


'and the otner on the opposite side as near the bottom as possible. 
These are for admittance and egress of a condenser coil, which 
is feed inside the preheater, {h) A safety-valve or other suitable 
contrivance. 

The condenser coil is made of 3-inch wrought-iron steaun- 

D 
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pip;, but it should be of extra thick quality, viz,, ^ inch, in 
order to reduce the repair bill. The coil suffgrs severely from 
internal corrosion, especially the top lap; add in the imter's 
experience wrought-iron steam tube of ordinary thickness 

inch) has cofrodcd through on the top lap in less than six* 
months, against i8 months if fV'iooh tube is used. The length 
of the coil may be approximately i6u feet, arranged in say 6 laps. 
Investigations made by the writer and others indicate that the 
corrosion of prelieater coils is due chiefly to dissociated am- 
moaium chloride and ammonium sulphide, the temperature 
at the top lap being particularly favourable to chemical actioij.. 
The preheater is erected in an elevated position, so that the 
condensing coil may be attached to the swan neck of the still, 
and the hot tar be discharged into the still by gravity. It 
should be properly lagged with insulating material. 

Several advantages are secured by the employment of 
preheaters, the chief oi these being: (a) There is a saving of 
fuel owing to the fact that hot tar is charged into the, still, 
the tar absorbing part of the heat from the distillates passing 
through the preheater coil which otherwise would be lost; 
(b) the time of the distilling operation is reduced, as: (i) some 
of the entangled ammonia water is driven off, (2) a portion of 
the crude naphtha is distilled off, and (3) less time is taken to 
bring the still “ round ” {i.e. commence the distillation), owing 
to the tar being hot when charged into the still; (c) more tar 
can be worked in a given period, because it is not necessary 
for the tar still to cool down to any great extent before charging 
again, as would be the case if cold tar had to be dealt with. 

Connected to the outlet of the preheater coil, or, if a pre¬ 
heater is not used, direct to the swan neck, is the inlet end ofc 
the condensing coil proper. This piece of apparatus consists 
of laps of pipe, each lap being circular, square, or rectangular 
■''In plan, the circular type being the most general. 4 coil can 
be made of cast-iron or wrought-iron ; the latter metal is pre¬ 
ferable, as the thickness oJ a cast-iron coil lunders somewhat 
the cooling or wanning of the distillates, as the case may require. 
Another Ssadyantage in connection with cast-iron coils is the 
presence of a large number of flange joints, which introduces 
frequent trouble in the nature of leaking. Wrought-iron coils 
are manufactured of considerable length in one piece, and a coil 
of this kind will do away with the chances of the distillates 
leaking out, or the water surrounding the coil leaking in, as is 
so liable to occur in the case of flange joints. The bore of con¬ 
denser coils may vary between 2 inches and 4 inches, and the 
length toween 130 feet and 300 feet, according to the size of 
the still. 'A distance of not less than 3^ inches should be allowed 
' between each lap. As an example, for a 20-ton still provided 
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with a preheater about, 130 feet of 3-inch wrought-iron p»pe is 
sufficient. In tjrder that the coil may be cleaned, it is advisable 
to arrange for £^5-inch steam inlet, so that steam can be blown 
in alter each operation. Tltis provision will also assist in loosening 
a stoppage, should this occur. The steam inlet may be placed 
at the top of the coil before it enters the condenser tank. 

The conden.ser coil is cSrrodod from the top downwards, but 
not “to such a»grcat extent as the coil in the pfeheater. The 
corrosiemalso takes place from the outside, as well as the inside, 
especially at the top lap at the “ wind and water ” line. Oh an 
average the top lap, if made of wrought-iron tube of ^ inch in 
thickness, will la.st three years. It is possible to cut out the 
top lap when it is corroded through and join on a new lap; 
but if this is done, care must be taken to make a thoroughly 
good joint. The writer can recommend mought-iron tube of 
/j-inch thickness for the construction of a condenser coil. 

The condenser tank will vary in shape and size according to 
the.type and dimensions of the coil it is intended to put into it, 
or whrther the tank is to contain more than one coil. Generally 
the shape is cylindrical and of a size to contain one coil. 
Wrought-iron plate or mild steel of J-inch or J-inch thickness or 
cast-iron seetions may be used to build the tailk. In arranging for 
the size, due allowance should be made for water space between 
the outer edge of the coil and the tank side ; 6 inches is a good 
margin. The bottom lap of the coil should not rest on the tank, 
but should have a clearance of between 4 inches and 6 inches. 
A il inch drain cock should be placed in the centre of the bottom, 
of the tank, by which to run off the water in case the tank or 
coil requires repairing, or when the tank and outside of the coU 
require cleaning. A hole must be cut in the tank bottom, 
through which to put the coil end. A good cold-water supply 
should be run to the tank, and the inlet pipe must extend to 
within 3 inches from the bottom of the tank. About 2 incheg 
from ti;e top of the tank the water overflow pipe is inserted ; it 
should be so arrang-. d that practically all of the top lap of the 
condensing coil is covered with water. The water ^nlet and 
overflow pipes may be of ij-inch or 2-inch internal bore, it is 
necessary to place a perfoi atod steam coil of one turn on the 
bottom of the tank, and a i-inch steam-pipe is large enough. 
Tins is used to assist in raising tljg temperature of the condensin§ 
water at one period of the distilling operatio.n, and also to aid 
in the removal of an obstruction of, say' crTOsote salts in the 
coil, should this occur. 

The worm or coil end, after it leaues the dbndenser tank, is 
shaped in the form of a U in order to form a seal. . One leg of the 
seal is connected to a small cast-iron tank kno>^ as*a receiving 
or collecting box (see Fig. 29). This box should be covered witl 
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a cait-iron lid and water-sealed. In tlie lid a perfectly fitting 
sliding door is fitted (see Fig. 29), in order that tlje workman may 
inspect the distillates as they flow from the worm end, and also 
collect samples of {hem for testing purposes. The bearing parts 
of the slide and its frame should be kept thoroughly greased. 


10 FOUL CU MAW 



SfCTIOOAl REVAtW 
SHOWINC Un [WSID!] 

Fig. 29.n-Receiving Box and Connections. 


Two outlets arc made in the sides of the box, through which 
the distillates are runi and one outlet is provided for making a 
connection with the foul gas main. One of the distillate outlets 
is connected up to a piecea)f apparatus known as a dividing-box, 
in which ammonia water is separated from crude naphtha, and 
the other ts a pipe which is coupled up to the several reedver 
ipains. Collecting boxes vary a little in size and shape, but for 
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most purposes 2 feet 6 ipches by i foot 6 inches by i foot 6 inches 
deep is quite l^ge enough.- 

The dividing box is made of cast-iron, is cylindrical in shape, 
about I foot 9 inches in depth and i foot 3 inches in diameter. 
It is provided with a water-sealed cast-iron lia, in which is made 
a 6-inch inspection hole, covered with a lid, the bearing parts of 
which must be kept greased. There are two outlets, one which 
leads to a smqjl piece of apparatus known as a water box, really 
a watw-sealed inspection chamber, on the ammonia water main, 
and the other is connected up to the main which leads to the 
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(^de naphtha recuver. Each outlet is made of a sufficient 
size to insert a i-inch wrought-iron pipe at about 4 inches from 
the top of the box. The centres of the two holes are oh the same 
level, and the outlet pipe whicB conducts the crude naphtha 
away just enters the cylinder, and on to it is fitted a movable 
eltow to regulate the flow soipewhat, while that which deals 
with the ammonia water bends down inside the box and reaches 
to within ij inches of the bottom (see Ing. 30). The inlet pipe 
from the collecting box is of i-inch wrought-iron pipe, and is 
inserted in the cover of the dividing box.* A wrought-iron 
connector should be placed in this pipe in or^er to facilitate 
removal if it becomes necessary to encover the box* 

The water box or inspection chamber (see ftg. 31) is a e m ail 
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cast-iron vessel about 8 inches by 8 ir\ches by 8 inch^js deep, 
internal dimensions. It is provided with a cas^iron lid, water- 
sealed, and one i-inch inlet hole at the side near the top, and 
another i-inch outlet hole at the bottom on the opposite side. 
Through the inlet hole is inserted the ammonia water pipe coming 
from the dividing box, and on to the end ol the pipe is fitted a 
movable elbow to enable the workmhn to regulat(! the flow of 
the liquor. To the outlet is fitted a l-inch wro»ght-iron jlipe, 
which leads to tlio cbinmon liquor main running to the ammonia 
water receiver. 

In order to comply with the Alkali Ad, it is necessary to, 
prevent the discharge into the atmosphere of all offensive or 



noxious gases, sucli as are given off from tar distillates, es¬ 
pecially at the worm end, ami to render these gases innocuous 
in some suitable manner. The plant used in tar works for this 
purpose varies somwvhat according to the ideas of the manage¬ 
ment. In all cases it is nccefeary to provide foul-gas mains, 
to conduct away the gases and fumes from (a) the worm ends 
and collecting boxes; (ft) the receivers; and (c) the pitch 
coolers. Lengths of 2^-inch or 3-inch wrought-iron pipe are 
fitted in close proximity to the various pieces of apparatus just 
mentioned, forming common mains, and the worm ends,, col¬ 
lecting boxes, etc'., arc connected to these mains by means of 
■T-pieces. One, end of the common main is connected up to a 
steam-pipe, ao that steam may be blown through frequently for 
cleansing purposes, and the other end to an exhaust pump or 
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• 

stem ejector, either of which draws away the foul gases, and 
delivers fliem to the boilSr furnace to be burned, or to a special 
apparatus for tr&tment with a view to recovering sulphur, etc. 
In all cases in which it is intended to burn the gases it is advisable 
to drawthem through . 

a water seal of a de- »«it atcuncED 


sign somewhat simi¬ 
lar t» a wash-bottle 
(see Fig. 32). *This 
precaution will mini¬ 
mise the risk of a 
flash back ” taking 
place throughout the 
whole system. It 
must be remembered, 
however, that if the 
ejector is not care- 
f(flly attended to, the 
risk bf a “ flash back ’ ’ 
taking place and pro¬ 
ducing an explosion 
in the seal pot is 
grCcit. The seal pot 
should be kept filled 
with water to three 
parts of its depth, 
and in the cover a 



hinged lid is fitted, F,q_ 32.—seal rot for roul Gas Main, 

and always kept un¬ 
fastened ; the bearing parts being well greased with heavy 
lubricating oil, to make a more or I ‘ss tight joint. Tile 
writer’s experience of this method of dealing with foul gases 
has been a satisfactory one. A good plan, in order to see whether 
the e.ebausting apparatus is working efficiently, is to fit one o« 
two manometers into the main in apitable positions. 

Owing to the corrosive action of the foul gases, the wear and 
tear on the cones of the ejector is very considerable. .The 
writei strongly recommends the Mse of malleable iron cones in 
the place of gun-metal, which is often used. The figures given 
in Table XIV, the average of several experiments, will support 
this recommendation. 


TABLE XIV 

GKn-metal. Malleable iron. 

Diverging cones lasted . 6 months 13 months 

Converging cones lasted . 8 „ .24’ 
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Some distiJlers prefer to deal with the foul gases by passing 
them through an oxide purifier, more of loss similar to a^asworks 
plant but on a smaller scale. The oxide is r<fvivified as usual, 
and eventually sold for the manufacture of sulpimric acid, 

A method of. purifying foul gases by scrubbing with water* 
and then passing through absorbing towers containing hydrate 
of iron in suspension in water was devised by J. Craven and 
W. H. Coleipan, and published by them in tlie Journal of the 
Society of Chemicql Imimiry, vol. xx. p. 200: This.method 
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Fic. 33.—One Method of connecting Common Mams to Recdvmg Box.* 

is certainly a very safe one, a«i(l by it any ammonia, light hydro¬ 
carbons, and sulphur in the gases are recovered. 

The various dispates from a battery of tar stills are led from 
the coUecting or separating twxes to common mains, the latter 
being connected up to tlie receivers. Each of these common 
mains should be provided with a i-inch steam inlet at one end 
for the purpose of introducing steam for cleaning after each 
operation, and to ‘assist in removing obstructions should these 
occur. Endeavour should be made to keep the cocks which- 
control the flow .of the various distillates from the collecting 
box to the common mains as near one another as possible, and 
they shoulej b’e suitably marked; it saves time and prevents 
mistakes. A method of doing tliis is shown in Fig. 33. 
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The internal diameter of the common mains will vary accyrd- 
ing to tne numter of sfills feeding them at one time; from 
2 inches to 3 inches is generally found suitable. Connections 
between the collecting lioxes and common mains may be of ij 
inches to 2 inches internal diameter. • 

Good cocks should be put into all these mains, and also all • 
the pumping mains about a» tar distillery. Those made of cast- 
iron are the bejt to use, and the most satisfactorji type is that 
known as the Butterfield cock. Generally cast-iron gland cocks 
arc employed, but unless the glands and packing are carefully 
and periodically attended to, leakage of a more or less serious 
?haracter will take place. A cock of the Butterfield type (see 
Fig. 17), if properly put in, requires very little attention, and it 
will not leak even in a main through which hot creosote oil 
and steam are continually passing. The writer has in his ex¬ 
perience known gland cocks to require attention every two or 
tlirec days, and the packing seeing W) about every month, 
wiiereas a Butterfield cock put iii tin- same main required no 
attention or packing lor a jreriod of one year and nine months. 
No leaking took place from the latter cock, but from the former 
serious leaking often occurred. 

It is of course necessary to provide a recwving tank for each 
fraction taken off the tar. The number will, therefore, vary 
according to the manner in which the tar is worked up, or the 
nature of the tar distilled. Generally there arc seven receivers 
provided, one for overflow tar and one for each of the following 
distillates: ammoniacal liquor, crude naphtha, light oil, light 
creosote, heavy creosote, and anthracene oil. Flat-ended boiler' 
tanks {i.e. old steam boilers from which the tubes have been 
drawn and the ends blanked) make very suitable receivers. 
They must, of course, be in first-class condition, free from ail 
poor seams or thin plates. It is not possible to give any 
definite figure as regards size, as this must necessarily vary • 
according to the quantity of tar worked per day and the amount* 
of storage room. For a works distilling say 100 tons of tar per 
day, receivers of an average capacity of 8000 gallons will be 
found quite suitable. Some works use sfreciplly made'tanks of 
a size just sufficient to hold a little'more than one of the various 
fractions worked off a single charge of tar. This, it is contended, 
enables the manager and workmen to check in a more efficient 
manner the yield of the several fractions from the tar. 

All but the crude naphtha and ammonia feceiver should be 
provided, with a closed steam coil. One turn of i-inch steam- 
pipe covering the whole bottom of tljc receiver will be found 
sufficient, provided an efficient steam trap is connected with the 
exhaust end. Each receiver must have a manhole, vhich, with 
all the other openings, should be properly covdired, to prevent 
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loss by evaporation in the case of the liglit distillates, ^nd in all 
cases the escape of foul gases. It is dfeired by some to connect 
all the receivers to a foul gas main, but thi/is not absolutely 
necessary if all the openings arc kept well covered. The con¬ 
tents of the receivers arc removed to storage tanks, or washing" 
tanks, by : (a) pum])s, or (//) compressed air. In the latter case 
it is necessary to .supply an air inletyiand also an exit pipe, which 
must reach to within about half an inch of thf bottom 8f the 
lowest portion oUlie receiver. It is much better to put in a 
smjill dish plate at the bottom, as shown in Fig. 34. Arrange¬ 
ments must be made to seal the receiver completely; if this is 
not done removal by compressed air becomes an impossibility. 
For the compressed air.pipe, i-inch steam tube is quite suitable, 
and for the delivery or exit pipe, 2-inch steam tube is the best 
size to cm])lov. 

If it is desired to remove the receiver contents by the aid of a 



pump, then a 2-inch suction [ape should be put in. This can^ 
be arranged so that it will reach to the bottom, or be lifted to any 
point in tlie receiver. It is a general plan to connect the suc¬ 
tion pipe of all the receivers to a common pumping main and 
pump, cleaning the two latter by blowing steam thrflugh after 
the pumping operation is finished. Although not absolutely 
necessary, it is a good plan to connect each receiver to a special 
emergency main and pump; it sometimes comes in handy, 
when working difffculties ari»c. 

It will not be out of place here to consider briefly the subject 
of steam valves, in particular those used round about the tar 
stills, condensers, collecting boxes, receivers, foul gas mains, 
etc. The valve in general use is made of gun-metal, and is of 
course quite suitable for all positions where sulphuretted 
hydrogen, ammqnium sulphide, or ammonia vapours are hot in 
evidence. If these vajlours come in contact with the gun- 
metal shell of the valve, .very rapid corrosion will take place, 
and a fracture*eventually occurs. Cast-iron or cast-steel stop 
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valves do not corrode anything like so rapidly, and are, there¬ 
fore, much* more suitable, * It is advisable to lag the valves, and 
also all the stcam-Vpes, with a non-conducting composition. 

Owing to the higli temperature at which it is necessary to 
nm the pitch from the still, it is absolutely oss»ntial to keej) it 
out of contact with the atmosphere and to cool it in some manner 
or other before running it ob to the pitch bay. If this is not 
done, Acre is a ffeat risk of spontaneous combustioji of the hot 
vapours talking ^acc, and a tiring of the pitchy and even if the 
temperature of the pitch is too low for this to occur, acrid vapmjj's 
are given off in great volumes, which will cause a nuisance in 
tffe neighbourhood of the distillery. In order to meet these 
requirements coolers made of wrought-iron or mild steel, 
cylindrical or square in shape, arc most frequently employed. 
The former shape is, of course, the most suitable, as it with¬ 
stands much better the great strain brought at'out by running 
the very hot pitch into the cool receiver.* A cooler is provided 
witjh a manhole of not less tlian 18 inflies by 12 inches or 18 
inches in diameter ; a manlid stc-;, „nd cast-iron lid ; an inlet 
pipe stool, to coupie up to a 4-inch or 6-iuch pipe, according to 
the diameter of the still tail pipe; an outlet valve of the 
“ treacle ” or gate type of about 6 inches, or.of the lever plug 
type and not less than 4 inches; and a 2-inch outlet for con¬ 
necting up to a foul gas main. The manlid is left loose in order 
to act as a kind of safety-valve, and it may be sealed by 
embedding into a lime-putty, or covering the bearing surfaces 
with a layer of thick grease. Old cylindrical steam boilers, 
from which the tubes have been drawn, and the ends blanked, 
answer admirably as pitch coolers, provided the plates arc thick 
enough, and the riveted seams arc in good condition. The 
plates of the cylinder should be of not Ics;. than f inch and the' 
ends I inch in thickness, or better still a thickness of J inch 
throughoift. Each cooler should be raised a little above the 
ground '■ \\d, say I foot 6 inches to 2 feet, to allow inspection 
for leakage to be made, and also to (liable the air to circulate all 
round it. It may be supported on brick or concrete cradles. 
A fall towards the outlet of about J inch to {he foot should-be 
allowed. • 

Pitch coolers are sometimes built,in the form of brick 
chambers, but as it is not a general practice this form will not 
be considered. ’ 

In a works dealing with large quantities of pitch, a pitch 
cooler built on the plan known as the “ French weir ” will give 
excellent results. There are two chainbers in.this cooler (see 
Fig. 35), that marked K in the figure Ceing the one into which 
the hot pitch is run from the still and in which parfeopling takes 
place. In the other chamber, marked C, the tooling is com- 
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pleted. When a Ircsh charge of pitch is run into R it pushes 
tfie cooled pitch contained in C ttirough the ouflet 0 into 
the pitch bay. 

In order to convey the pitch from the coolers to suitable 
positions in llie pitcli bay, where the final cooling and solidi¬ 
fying prior to “ getting ” or digging takes place, a gutter is 
often built under the outlets of-the foolers. The gutter should be 
provided several outlets closed with gat| or sluice'valvc*s, 
in order to direel the pitch into one portion of the bjiy to cool 
apd solidify, while “ getting ” is going on in another portion. 
As regards the arrangement of this gutter, this will of course 
have to be made to suit the, po.sition of the coolers, and varies 
in different works. Concrete may be used to construct the 
gutter, the surface being rendered with a mixture of cement 



and sand, but it is far better to line the gutter throughout with 
brindled tiles or smooth bricks set in cement, as by "doing this 
the removal of cold pitch during cleaning is facilitated. A 
depth of 2 feet 6 inches to jj feet is ample, and it should be level 
from one end to the other. The sides of the gutter may be 
14 inches or 18 inches thick, not less than the former. It should 
be so arranged tW the gate valves can be operated by the 
workman in safety fropi a position opposite to that which the 
pitch runs into the bay. A method designed by the writer is 
shown diagrammatically in Fig. 36. The gate may be raised 
and lowered by means of a rack and pinion or worm and wheel 
.gear. In some works gutters are not used, but one is cut in the 
cold pitch on the bay in any desired direction. This is not a 
good plan. 

The pitclf bay is situat/id in close proximity to the coolers at 
a lower level to them and the gutter. It should not be too deep. 
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but of wi^e area, the dimensions varying according to locjil 
conditions and tl^; amount of tar worked up. A depth of 
a feet 6 inches bdlow the gutter outlets is a good average; 
pitch of a greater thickness than a feet is more difficult and e.x- 
pifensive to “ get.” The floor and sides of the l*iy are concrete 
or brick Uned. As regards the floor, a brick lining placed on a 
concrete bed proves the most suitable. The bricks should be 
smootlf faced ai^ of the best Staffordshire blue brick type. 
They should be set closely in good cement, and the whole floor 
must be level. It is advisable to divide the bay into seveijil 
sections, say three or four, by building 14-inch walls across it. 



I'lC. 36.—Pitch Gutter Outlet bhowiiig Gate Valve. 


If it is wished to avoid the expense of doing this, tempora^ 
partitions can be put up with wooden planks and loose 
or by leaving a wall of hard pitch *iroin a previous getting, 
but these methods arc of doubtful value# as the partitions some¬ 
times give way at most inconvenient times. The object of 
dividing the bay into sections is to allow one batch of pitch to 
cool wliile another is in the process of “ getting*.” 

It is ss well to endeavour to arrange for a private railway 
siding to run alongside the pitch bay, v^d it is*of great advan¬ 
tage if that siding is at such a level that the top of the railway 
trucks are practically in line with the floor of the Ijay. This 
will enable the pitchmen to whedbarrow the pftch direct into 
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tlje trucks and save the cost of crane, skips, ajd a crane 
driver. 

There arc times when a tar still springs "a leak, and it then 
becomes necessary to empty that still with all speed. In order 
to do tills a pertnanent 3-inch wrought-iron main should be nih 
along the back of the battcrj' of stills, and a branch from this 


O'' 



main fixed in a suitable position, so that after the connection 
between the tail or run-off pipe of the still and the cooler is taken 
apart, immediate connection with this branch can be made. 
One end of the main should be closed with a plug, and the other 
end connected to a special,pump kept especiily for emergencies 
of this nature.* The same pump can be used, if desired, as an 





PLANT USED IN THE DlffTILLATION OF TAR 63 

auxiliary to the creosote pumps, but should always be so C9n- 
nected that it cap be put into use on the tar emergency main 
immediately it is'required. If the tar well is below ground, a 
pump is not absolutely necessary, as, the still being above 
ground level, the tar would run by force of gravitation into the 
emergency main and thence to the well. However, speed is a 
matter of importance at times, and then a connection to a pump 
woul(>prove of benefit, even when the tar well is below ground. 

Plants for tlie dehydration of tar have of late come much 
to the fore, and a brief description of Hird’s dehydrating pignt 
will, no doubt, prove useful. One capable of de.almg with lialf 
jT ton of tar per hour consists of the following pieces; one 
still, a cooler, one condenser coil and tank, one distillate tank, 
and two prepared tar tanks, with the necessary pipes and con¬ 
nections (see Fig. 37). 

The stiU, which is constructed of mild steel, has fitted down 
the centre a longitudinal baffle, the fanction of which is to 
di*ect the tar first down tlu; length of one side of the still 
and then up the other side. Four tubes, which arc expanded 
into the end plates, run the whole length of the still, for the 
purpose of carrying the hot gases with which to heat the tar. 
The far ends of the tubes open into the base of a waste gas 
stfl,ck,ai-.,l the near ends form the entry for four bunsen burners. 
These burners are connected to a common gas main. To the 
still is fitted a swan neck and safety-valve, and it is also pro¬ 
vided with an oval manhole with a draw-up manli<l, and a 
thermometer for regulating the temperatures, 

* Between the condenser and the still is fitted a cooler, or 
rather a heat interchanger, which consists of two steel tubes, 
,one mnning through the other, the outer tube forming a jacket 
round the inner. Tar from the condense ■ tank travels through 
the inner tube on its way to the still, while the hot prepared tar 
flows through the outer tube or jacket on its way to the receiver. 

Th<- c( 5 ndenser tank is cylindrical, and is provided with an 
inlet and outlet for cold tar, winches used for cooling. In this 
tank is placed a caat-iron condenser coil, the top of which is 
connected to the vapour pipe leading from the still, while the 
bottom is joined to an mspcctieJh box, which in its turn is 
connected to the distillate receiver. , 

Set in a well, and on cradles, are the distillate receiver and 
two prepared tar receivers. Tfiese vessels are cyhndrical in 
Shape, and they are provided with a circular manhole, an in¬ 
spection hole, a wire and weight gauge, and the necessary inlets 
from the condenser coil and tar coolej'. Cocks arc fitted near 
the inlets on the tar receivers, so that one receiver can be used 
at a time. 

The continuous distillation of tar down to phch is a process 
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irHK:h older tlian that ol continuous dehydration; in fact the 
latter is simply an offshoot of the fonder. 

One of the earliest systems of continuous*^distillation which 
received any serious consideration is Leonard’s (1888). The 
plant with which to carry out this system was designed on the" 
cascade principle, was rather complicated, and was an expensive 
one to erect. More recently the llu'd and Wilton systems have 
appeared, and the results obtained by them h^ve proved* very 
satisfactory. . , 

^ird s patent system (Figs. 38, 39, 40, 41, and 42) requires 



the.following pieces of apparatus: A feed or regulating tank, 
four stills (Nos. i, 2, 3, and 4), a pitch cooler, four combined 
heater-coolers, five water'eondensers of the coil type, five sight 
boxes, an o^dfc purifier, and. if the plant be heated by gas or 
producer gas, thtee sets of gas-burners are necessary. 
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i- lo. 4 1 Hird’s Continuous Tar Distillation Plant. 
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42-—Hird’s Continuous Tar Distillation Plant. 
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The fled or regulating tank is provided with a float viflve 
in order to maintiin a constant head of tar in the stills. 

All the four stills are built of cast-iron, the separate parts 
having flanges cast on them so that they can he bolted together 
on the outer side of the still. As this type of still is not sub¬ 
jected to such drastic temperature treatment as a pot still, the 
mode* of heating being internal, tills method of ^construction 
is permissible, and from the point of view qf corrosion is one 
wliich offers an .advantage. Cast-iron is not attacked by dis¬ 
sociated ammonium chloride ,at anything like the rate tliat 
Wi ought-iron or mild steel is. Each still is provided with a 
manhole, a swan neck and vapour pipe, a thermometer, and a 
safety-vidve. Intoriudly there are four balflc plates fitted 
across the width of the still in such a manner as to cause the 
tar to flow in a circuitous manner from inlet to outlet. The 
arrangement of the bailie jilates in Nos,a and 3 stills is rather 
di|fcrent from that in Nos. 1 p.nd 4 stilK, as will be seen on re- 
ferente to the diagram (lug. 36). 

Nos. I, 2, and 3 stills are provided with longitudinal heating 
tubes, all of which are expanded into the end plates of the still, 
and for each of these tubes a bunsen burner js supplied. No. 4 
still IS supplied with .seven lengths of open steam-pipe, all of 
wliich enter the side of the still. No. i still has an inlet for 
the hi-ated crude tar and an outlet for the partially distilled 
tar. No. 2 still is connected immediately to the outlet of No. I 
and the inlet of No. 3, and No. 3 still to the outlet of No. 2 
and the inlet of No, 4. The last still. No. 4, is provided with 
a pitch cooler outlet which is connected to the pitch cooler. 

The pitch cooler is provided with a manhole and fitted inside 
'with a baffle plate .so arranged that the pitch will flow up one 
side of the cooler and down the other before it leaves for the 
pitch bat; A cast-iron pipe is fitted inside the cooler and runs 
up one side and down the other. Tliis pipe conducts the hot 
tar from the heater-coolers to the sjills. A weir valve is fitted 
to the outlet of the pitch cooler so that any seal of tar in the 
still can be obtained as desired, this being an advantage, in 
working different c’asses of tar. » 

The heatcr-coolcrs consist of wrouglit-iron tanks, each pro¬ 
vided with an inlet near the top and an outlet near the bottom 
through which the crude tar is'conducted on its way to the 
pitch cooler and the stills. Each heater-cooler is fitted inside 
with a cast-iron coil connected at the top to the vapour pipe 
and at ihe bottom to the top of the coil of the water condenser. 
As distillation takes place from the hlater-coolers, each cover 
is fitted with an outlet connected to a commoir main which 
conducts vapours to a water condenser. • ' 

The five water condensers are constructed in wpought-iron 



70 COAL TAR DISTILLATION 

anti fitted inside with a cast-iron coil. The top of the coil is 
connected with the bottom of the heater-cdOler coil, and the 
bottom of the coil to the sight box. Each condenser is fitted 
with inlet and ovtlet for water supply for the purpose of cooling 
the distillates. 

Connected to the coils of the^watcr condensers are sight 
boxes. These arc provided inside with a seal to preven* foul 
gases from getting into the atmosphere. Each sight box is 
also provided with an outlet for the condensed distillates and 
another for the foul gas. 

The. foul gas main is connected to an oxide purifier, which 
consists of a brickwork sump filled with lime and oxide of iron. 

The plant can be heated by any known means. The 
methods which give the best results arc heating by gas, using 
bunseti burners and allowing the flame to play direct into the 
heating tubes, and by a coke-breeze furnace. In the latter 
case the heating tubes are connected to the furnace by me^ns 
of silica tubes. 

It takes about eight hours to get the plant into working 
order, after which only a very small amount of supervision is 
required. In this plant tar can be fractionated into ammoniacal 
liquor, crude naphtha, light oil, creosote oil, anthracene oil, and 
pitch, and the distillates leave the plant uniform in quality. 
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DISTILI.ATrOX OF COAl 'IAH 

Charging prchoater and still—comment ing the di-stlllaticm—trude naphtha 
and ammonia water stage- light oil stage—cartxihc oil stage— 
creosote stage—anthratene oil or "green oil" stage introduction 
of steam —Wells' oil—method of.testing used by stillmen--examina¬ 
tion of safety-valves, eti —running oil pitch —recharging still—dis¬ 
charging pitch and pi eiiaratioii ot bay—still cleaning -tlehydratcd 
tar—tar lor road treatment —remarks on Road Hoard .s]>ecificatlons 
-tar lor roofing felt —continuous dehydration of tar—continuous tar 
distiilatiiiii tar distillation balance-.shect - working costs. 

'rtLAiliject of distilling riial tHr is to increase its usefulness, and, 
therefore, its commercial value. Broadly considered, the process 
of distillation is the same in all works. It differs only in cer¬ 
tain details, such as («) the method of testing for the “ cut ” or 
“ change-over point ” for each fraction, ffi) the number of 
fractions a certain tar will yield, or it is desired to collect, (c) the 
wish to manufacture .special products from the fractions, {d) the 
quality of pitch required, and (e) whether it is required to make 
special preparation.^ from partly distilled tar, and so on, 

Bf’ fac the largest portion of tlie tar which passes through 
a tar distillery is worked for benzols, naphthas, creosotes, * 
naphthalene, anthracene, carbolic and ••resylic acids, pyridine 
and pitch, and the distilling of a charge of tar for the various 
fractions from which these products arc obtained, and for pitch, 
wUl receive attention before dealing with special preparations. 
It will ! i'» assumed that a preheater is connected to the tar still, 
and that both are empty. 

A charge of tar is pumped into the preheater from the storage 
tank or vrell. It is desirable to work well settled tar, as some of 
the eniangled ammonia water wi^l have separated tef the top, 
and in consequence less time will be occupied in distilling off this 
material. While charging the preheater, the manlid of the still 
should be placed into position, the joint being made of lime 
putty; a tnixture of slaked lime and watjr of the consistence of 
butter. The condensing worms, mains to the receivers, and 
safety devices should be inspected to see if clear of obstruction, 
i.e. liot choked up with naphthalene* or anthracene salts. A 
15- to 20-ton preheater may be charged through a,6-inch main in 
between 30 and 45 minutes. ' ^ . 

The preheater having been properly charged,’the supply is cut 
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off, and the tar turned into the still, soon as the preheater is 
empty, the discharge cock is shut off, and a fire or the producer 
gas ignited. A further charge of tar is pumped into the pre¬ 
heater at the same time by the Stillman’s mate. The heating 
up of the tar may be pushed until the swan neck becomes hot, 
but immediately that sign becomes evident, considerable care 
must be exercised in order to avoid “ priming ” or boiling over 
of the tar. ' At that point, then, the fire is slackened a little, 
and the worm-end watched for the first drops of the tlsitillate. 
The distillation is now proceeded with, with caution, and it may 
bocorne necessary to slacken the fire a little more at this stage. 
Sufficient heat must, of coursc„.be suppUed to keep the distillate 
flowing gently from the worm-end into the collecting box. 
Should “ priming ” unfortunately occur, damping the fire, or 
shutting off the gas, and playing or pouring cold water on the 
still top will soon stop^it. It is not a bad plan to run a l-inch 
emergency water main'across the battery of stills, and place in 
it several cocks and connect these to short lengths of dioke. 
The tar which comes over during “ priming ” should be turned 
into the overflow tar receiver, the openings from the collecting 
box to the dividing box being promptly shut. 

This portion of the distilling operation is known as the crude 
naphtha stage, and the fraction consists of ammonia water and 
crude naphtha. During the whole time the traction is passing 
the water in the condenser tank must be kejrt running, and the 
supply should be cold. The distillate drops from the worm-end 
into the collecting box and then passes into the divider, where 
the ammonia water sinks to the bottom, and is removed by the 
water pipe to the inspection box, then via the liquor main to the 
receiver. The crude naphtha flows through the outlet near the ' 
top of the divider into the main, which conducts it to the re¬ 
ceiving tank. For a while the amount of water in thc_ distillate 
exceeds that of oil, but as time goes on the amount of the 
former decreases—the latter, of course, increasing. At tliis 
stage the temperature may'be increased a little, but it is yet 
necessary to continue careful firing. The flow of the liquor 
and naphtha into the receiver mains is regulated by raising or 
lowering the elbows, the one'inside the inspection box and the 
other inside the divider,' as explained on pages 53 and 54 re¬ 
spectively. As the amount of .water in the distillate decreases, 
so with care may thq temperature be raised, but not unduly 
rapidly. Towards the finish of this fraction the small quantity 
of water still coming over will change in colour from a greenish 
yellow to a blood red. 'From now the Stillman should collect 
occasional samples at the worm-end, allow the oil to separate, 
and take its specific gravity. When this reaches a figure pre¬ 
arranged by the works manager, the outlet to the divider is 



73 


DISTILLATION, OF COAL TAR 

closed, aitl the cock on tltf light oil receiver main opened. 'Hiis 
point is known irtjtar works terminology as the “ change over ” 
“ cut," or " turn over,” point. The specific gravity at the 
" turn over " point may vary between 0.950 and 0,965. Some 
stillmen “ cut ” the distillate when water ceases to come, but 
this method often results in a crude naphtha containing rather 
more^heavy material than'is desirable. Tlie length of time 
required to work off this distillate will vary accotding to the 
state of •the tar and the volume of the charge. With normal 
tar and a 15- to 20-ton charge, 6 to 12 hours may be taken'as 
aiverage times, and with reference to the yield of the distillate 
this may vary between 5 and f)| gallons ]>er ton of tar. During 
the working oil of this fraction the pull on the foul gas mains 
should be slight, otherwise there will be a loss of light ])roducts 
if a recovery plant is not attached to the mains. 

The stmigth of the ammonia wate| from the fraction is 
generally between 2 and jJ per ceiil. of uital NH^, and tliis pro¬ 
duct is worked up at the tar Sistillerj-, or else .sold to a firm of 
ammonia distillers. In order to avoid loss of ammonia, the 
receiver should be kept well sealed, and the liquor removed and 
dealt with as quickly as possible. Crude mqihtha varies somc- 
whal as regards specific gravity, but it usually ranges b<‘twccn 
0.905 and 0.920. From it are obtained chiefly benzols and a 
little light naphtha. Full details on the working up of tliis 
rnateiial are given in chapters ix, x, xi. 

Soon after the “ change over ’ to the light oil fraction, the 
distillate will begin to run from the wonn-end in a moderately 
tliick stream, and practically free from water. The temperature 
is gradually increased, in order to keep the distillate running at 
■an even rate. At times, when partly t.irough tliis fraction, 
some water comes over with the oil. It is not usually necessary, 
however, to slacken the firing, and the beginner should not be 
alarmed il this occurs. As the process continues, the amount 
of naphtiialene salts in the distillate increases, and it is necessary 
to keep il.is material irom crystallisftig out and choking up the 
condensing coil. To avoid this, the flow of water through the 
condemsing tank is stopped very sho[tly after the “ cut ” is made. 
The water in the tank then becomes gradually hot by absorbing 
heat from the distillate as it passes throtigh the worm. Should 
the tar contain a large quantity oi naphthalene “ salts,” making 
tins fraction extremely “ salty,” it is adyisalile to bring the 
temperature of the water up more rapidly by introducing a little 
open steam into the tank. Generally the water is allowed to get 
hot when the specific gravity of the distillate stands at between 
0.970 and 0,990 at 60“ Fahr. The “ change over " point from 
light oil to light creosote varies according to the nature of the 
tar, or if it is desired to make a distillate for a special pur- 
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pose. On tliis account the Stillman may “cut” the distillate 
when the oil running from the worm-end reaches a specific 
gravity between i.oio and 1.0,30 at 60° Fahr. The length of 
time taken to work off this distillate will vary, of course, accord¬ 
ing to the volunie of the charge and the nature of the tar; fo'r 
a charge of i."; to 20 tons, 2I to 8 hours may be taken as average 
figures. Yield per ton of tar is 'also chiefly affected by the 
nature of tile tar, and may vary between 12 and 25 galloifs. As 
a little more fotil gas is given off during the working of this 
fraction, and its constituents are not so volatile as those of 
crude naphtha, it is advisable to increase slightly the pull on tlje 
foul gas main. The specific gnivity of light oil may vary between 
o.gbo and i.oo() at 60" Fahr. 

As the distillation jiroceeds, the oil running from the worm- 
end begins to ap]iear more or less yellow in colour, and the smell 
of sulphuretted hydrogen, and other foul gases, gets a little 
stronger. A greater j'ull is put on the foul gas main, and more 
heat is applied to the tar. The temperature of the water.in \he 
condenser tank is kept elevated, as the distillate will still contain 
a fairly large quantity of naiihthalene “ salts.” Frequently 
towards the end of this fraction the oil will show a tendency to 
set rapidly solid rtn cooling, due to a predominance of naphtha¬ 
lene “ salts.” This fraction is known as light creosote, middle 
oil, or carbolic oil, and, as the last name indicates, is one from 
which carbolic acid and its homologues are obtained. It is not 
the only one, however, as some tar acids are recovered from both 
the crude naphtha and light oil fractions. It is advisable to 
“ cut ” earlier for this fraction if the tar contains a large quantity 
of naphthalene. The. point at which the distillate is “ cut ” to 
make this fraction varies between fairly wide limits, viz., when 
the specific gravity at the worm-end stands between 1.035 and 
1.055 ‘'•t 60° Fahr. and sometimes a little higher (1.060 at 60° 
Fahr.). According to various conditions, the yield per ton 
of tar may be between 8 and 13 gallons, and the specific 
gravity will range betwecn*i.030 and 1.045. The length of time 
taken to work off this fraction, say from a 15- to 20-ton batch, 
falls between ij and 3J hours. 

As the process continued the distillate gets much yellower, 
the odour stronger, and the tendency to set solid on cooling 
sometimes decreases. More pull is necessary on the foul gas 
mains, and heavier, firing is required to keep the distillate 
flowing from the worm-end in a thick, continuous stream. It 
is advisable to keep the water in the condenser tank hot, in 
spite of the general tendency shown by this fraction to remain 
liquid at mqre or less normal temperatures ; sometimes it does 
not. To •obtain what is khown as the creosote or heavy creosote 
fractibn, the distillate is "changed over” when the specific 
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gravity a» the worm-end is about 1.070 at 60° Falir. It,is 
difficult to give dffimte figures for the yield of this fraction, 
or of the length of time it takes to work off; they vary very 
i^iuch according to kind of tar worked, what is desired of the 
fraction, and so on. As a rough guide the yiefd may be taken 
as ranging between 28 and ,55 gallons per ton of tar, and the 
time If work the fraction off a 15- to 20-ton batch, between 5 
and 7 hours. The specific gravity may be within tlie limits of 
1.050 and 1.065. ‘ 

A stage in the process has now been reached in which Hic 
distillate has a very strong odour of suljihides, is of a greenish- 
yellow colour, and as it flows from the worm-end in a thick 
stream ai)pears viscid. This fraction contains antliracene 
“ salts ” and is liable to bring about an obstruction in the con¬ 
densing worm, unless the temperature of the condenser water is 
high. It is advisable to keep the water at about Ixuling-point. 
After this fraction has been running for a short time, the fire 
is slaekened and steam is introduced into the still. The intro¬ 
duction of steam helps to lengthen the life of the still bottom by 
reducing the tendency of the pitch to coke. It also reduces the 
time required for the distillation, and, it carefully managed, in- 
epases i.ie yield of oil. Passage of steam iff to the still is con¬ 
tinued until the finish of the distillation, which point is determined 
according to the quality of the pitch required. It is not jmssible 
to give a definite point at which to introduce the steam ; it will 
vary according to the quality of tar worked, and has to be found 
by experience. Roughly the introduction stage lies between 
the points at which tlie specific gravity of the distillate at the 
worm-end tests 1.070 and 1,090 at 60° Fahr. Care must be 
'taken to use perfectly dry ste.am; wet steam, especially if in¬ 
ordinately wet, IS liable to bring about a boil over. A con¬ 
venient pressure to employ is 70 lbs. to the square inch. The 
steam v- Jve must be opened gradually; steam must not be 
admitted into the still suddenly. It is advisable to let the fire 
die out, or shut off tiie gas, as the fase may be, shortly before 
the finishing point is reached, the hot brickwork and the steam 
being sufficient to continue the di^illation to the eVid.' A slill 
will continue to work for about half an hour to an hour after the 
fires are drawn, and if the precautiorf just mentioned is not 
taken, there is a risk of making the pitch too hard. According 
to the kind of tar being worked, or the quality pf pitch required, 
the finishing point may vary between a specific gravity of 1.080 
and i.ijo at 60° Fahr. The yield of this fraction, known as 
anthracene oil or “ green ” oil, given approximately as a guide, 
may be between 3 and 18 gallons per ton of tar, and the specific 
gravity may range from 1.070 to i.ido at 60° Fahr. • 

When it is not desired to recover the anthracene, the heavy 
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cneosote and antJiracenc oil fractions ^re sometimes ncA separated 
but worked as one fraction. There arc ccrtiifn qualities of coal 
tar which yield so little anthracene oil that it is not worth while 
attempting to piakc a fraction. If it is desired to prepare .a 
suitable creosote oil for burning in Wells or “ Liicigen ” kimps, 
then the heavy creosote distillate is “ rut ” at about 1.053 
specific gravity at 60“ h'ahr., and'a fraction collected l^jitween 
this ]ioint And 1.075 sjjecific gravity at the same temperature. 
A good burning creosote must be absolutely free from’ insoluble 
nfattcr and suspended naphthalene "salts.” It should com¬ 
mence to distil at about 200° C., and appro.\imately 60 per cent, 
distil over by the time 260“ G is reached. The specific gravity 
may vary between 1.065 and 1.070 at 60" Fahr. 

In order that the Stillman maj? test the distillate as it leaves 
the worm-end, he is jirovided with a No. i Twaddell hydrometer, 
a Fahrenheit thermoijieter with the scale inside (lioating ther¬ 
mometers similar to those used in dairies are very suitable ^for 
the purpose), and some test jars. Tinned-iron test cans will 
prove more economical than glass test jars, wliich are easily 
broken. It is a good ]ilan to arrange that the Stillman has the 
“ cut ” or “ change over ” jxiints given him at so many degrees 
Twaddell at loo" Fahr. Tins facilitates matters, and minimises 
the risk of overrunning the points, as the time taken for cooling 
the sample is less than if a lower lenqterature were used ; and it 
saves the man making a calculation in cases m which the dis¬ 
tillate sets solid .above 60° F'ahr. 

If safety-valves are fitted to the stills, each of them should be 
examined and the v.alve given a twist on its seat to keep it in 
working order. This operation must be conducted while the 
stills are being charged, or before they commence to work.' 
Syphon or Ll-jiipes, if used in the stead of safety-valves, must 
be cleaned out and filled again with water before tlip distilling 
operation commences. A good method of cleaning Hiese pieces 
of apparatus is to blow ste.am through them from a jet, wliich 
may be fniced in a convenicnit place on the top of the battery of 
stills. All jthe receiver mains should be blown out with steam 
immediately after the distjjlate has finished running through 
them, or at the latest soon after the distillation has ended. It 
is very advisable to cleln out the foul gas mains at least once a 
week, by blowing through them with open steam. 

The residue in the still (pitch) is allowed to remain for a 
varying period before running into the cooler. This is necessary 
in order to minimise the risk of damage to the still and its brick¬ 
work settings owing to the great heat stored up in them, to put 
less strain upon the cooler should this be of metal, and to reduce 
to a mini/num. the danger of the pitch taking fire. How long 
a period should elapse before " running off ” the pitch will 

• m 
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depend uppn circumstances: for instance, whether the coolgrs 
are built of iron plate, or (Jf brick, or constructed on the French 
weir system. The quantity of pitch in the still is another factor 
in the ca.se. As a good average time 21 hours may be taken; 
But the writer is acquainted with some cases in'wliioli 11 hours 
is the full time allowed, and with others in which (> or 7 hours are 
allowed to elapse before the ftinning-oll operation is rarried out. 

If flic cooler is of the iron cylinder tyjie, it must^ic pre])arcd 
each tim» before running the ]iilch into it. fHiould it be fitted 
with a plug valve, tlie plug and scat must be cleaned and white¬ 
washed, The ])lug must then be placed carefully on its seat, 
not jambed down too tight. Also^the manhole should be covered 
properly with its lid, which may be lightly luted with lime putty. 
It is not necessary or advisable to fasten the lid down, for if it is 
left unfastened it will act as a kind of safety-valve. Sometimes 
the coolers are whitewashed on the inside, but this need not be 
done if they are arranged so that they diAin well. Water must 
nof be allowed to gain ac< ess tirthe cooler, as it may bring about 
trouble when hot pitch comes in contact with it. For this 
reason the nianlid must be kept on during wet weather. Before 
releasing the pitch into the cooler, put a ])ull on the foul gas 
mam. In hot weather it is a good jilan to keepthe outside of the 
cooler hmewaslu'd, if e.x))osed to the sun’s rays : it will retard 
the absorption of heat, and so not hinder the cooling. 

When discharging the pitch from the still, the cock on the 
tail pipe should be ojiened very gradually. If the pitch does not 
run owing to its having set in the e.xposed portion of the tail 
pipe, and this sometimes occurs in very cold weather, then warm 
the ])i])e by placing under it a little tow soaked in creosote and 
igniting it. This must be done carefulli, A sufficient time 
must be allowed for the still to thoroughly drain. To com¬ 
pletely drain the still lowers the works c.xpenses, as it reduces 
the amomlj of jiitch coke formed at each distillation, increases 
the nuirioer of times a still can be worked before cleaning, and 
minimise; the amoiim of wear on 14ic still bottom. It is not 
necessary, nor is it advisable, to remove the manlid of the still 
before discharging the pitch; nor need any of the confiectidns 
be taken apart. The foul gas matn connected to the coolers 
should be kept at work for between one and two hours after the 
pitch has been discharged into thejn. 

Alter the still has been discharged, it must be allowed to 
stand empty for a period, the length of which will depend upon 
the size of the still and whether it is provided with a preheater 
or not. If there is no preheater, thc»fluo dampers must be 
opened, in order to allow a current of air to pass rqund the still 
and cool it. After the elapse of between ij and 2 Jiours the 
still can then bo charged with cold tar. It is not advisable to 
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shprten the time, as this will introduce the risk of anj explosion, 
and also bring about an undue straiA on the.rivets and seams, 
producing leaks. In cases in which a preheater is provided 
there is no need to draw the dampers, and the still may be 
charged again about half an hour after the pitch has been ruh 
off. The tar in the preheater being hot the danger of starting 
the scams, or of e.xplosion, is avoided. Whether cold or hot tar 
is run into the still it is as welt to commence the operation Slowly, 
and increase the tspeed of flow, say after about 5 or le minutes 
has elapsed. Before commencing the next distilling operation, 
it is as well to dip the still, to check the amount of the chargp. 

The pitch is allowed to remain a number of hours in the 
cooler before it is discharged on to the bay. It is not possible 
to give a definite time, as the size of the cooler, requirements of 
local by-laws, state of the weather, and other conditions will 
affect this. In any case, it is not advisable to run the pitch on 
to the bay too hot ; sftme of the volatile matter is lost thereby, 
and acrid vapours are given off in such dense clouds that they 
create a nuisance. A good temperature at which to release the 
pitch is 260° Fahr. When there are several coolers to discharge, 
it is best to release one of them at a time. Arrangements should 
be made to run tlw pitch on one portion of the bay only, by this 
method allowing a previous running to cool while another section 
is being dug. The pitch must not be run on to the bay too thickly: 
12 to 18 inches is an ample depth. Much above this tliickncss 
will take an excessive time to cool, and is not dug so easily. 

Before running off the pitch from the coolers the bay must be 
properly prepared to receive it. It is necessary to lime or chalk- 
wash the bottom and the sides if these are of brick or concrete. 
Sand must not be used; the buyers do not appreciate it. The very 
thinnest wash of lime or chalk-milk is all that is necessary. Every 
endeavour must be made to keep water off the bay, at least just 
previous to the discharging operation and while that going on. 
The effect of water on hot pitch is to fill it with vapour cells, or in 
other words to make it cclhilar. This appearance is not sought 
after by buyers. There is of course the difficulty of coping with 
wdt werCther. The best plan to adopt on a wet day is to lime- 
wash the bay a lew minute before discharging the pitch, and 
then run it on to the bay as quickly as possible. If the pitch is 
run to the bay via a gutter, fee that the gutter is hmewashed 
and cleaned out after each operation. 

After a still has Toeen worked a number of times, varying 
according to the state of the tar, the care with which the Stifl 
was set, and the amount of draining after each operation, it must 
be cleaned. . A good average is seven times; often a still is 
fleaned after working four times, and cases occur in which it 
s not deaned until it has worked eighteen times. The money 
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and time spent in frequent still cleaning cannot be considered as 
wasted It brings,about I saving in fuel and increases the life 
of the still bottom, both to a considerable degree. In the 
ejeaning operation, the mixture of partly coked pitch and free 
carbon must be cleaned or scaled off the still bbttom and sides 
very thoroughly, taking care to remove any which may adhere 
to rivgj heads or find lodgmcftt in seams. The formation of this 
scale is due partly to the heat retained in tlie brickwork sur¬ 
rounding‘the still coking the thin layer of pitch left in the still 
at the end of the “ running off ” operation, and partly to “ free 
carbon ” which deposits atfd adheres to the bottom during the 
first and intermediate portions, of the operation. For the 
scaling of stills, the following tools arc in general use; short 
or miner's picks, straiglF and cross pane 4-lb. hammers, and 
chipping chisels. 

It is very necessary that certain precautions be taken to pre¬ 
vent accidents to workmen during the i leaning process. The 
still should be completely isolated from adjoining plant by dis¬ 
connecting the swan neck from the condenser worm and the 
tail pipe from the pitch cooler. It there is not a small con¬ 
necting pipe which can be removed completely, then a blank 
flange should be placed between the disconnected flanges. In 
cases in which the still is connected to a preheater the cock on 
the charge pipe must be locked or a blank flange used, as. 
just described, on the still side of the cock. The manlid 
must be removed shortly after tiie jiitch has been run off, 
and it is as well to drive out the foul air by blowing steam 
into the still. Sufficient time must be allowed for the still to 
cool before an entry is attempted. The length of time will vary 
according to the size of the still, the tin-; of the year, and 
whether the still is one of a battery or the only one. It is best 
found by experience, but as a guide, 30 to 48 hours are general 
in tar-dis^illing practice. A responsible person should inspect 
the still before a workman is allowed to enter. The workman 
who enters the still must have a b(flt fastened round his body, 
with a rope attached. This belt is best made of stout webbing, 
and provided with two wash-leather pads on the spots which 
come under the armpits, in ordlr that the wearer may be 
drawn up head-toremost in a case of “<gassing,” the belt must 
be worn well up to the armpits.. Two men should be on duty 
outside the still, having charge of the fr»e end of the rope and 
keeping watch on the workman inside for any signs of “ gassing.” 
The ladder which is used to descend into the still is provided 
with two straight hooks at the top, which fit over the manhole 
edge, and thus prevent slipping. , 

Prepared and dehydrated tars ait used for many purposes, 
the chief of which is for road treatment. Among the minor uses 
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n»y be mentioned its employment in the manufactur* of roofing 
felt, electric arc-lamp carbons, and* the linfcigs of convlrters 
used in the basic Bessemer process. Most of the specifications 
to which these prepared tars arc made are the private property 
of interested firins. 

Dehydrated tar is made without difficulty by distilling off 
carefully all the water {('ntanglcd timmoniacal liquor) aii^ with 
it, of course? the crude naphtha, from a charge of coal tar. After 
these products Have distilled off, the fire is drawn,* dampers 
opened, and the still allowed to rest for a few hours, when the 
dehydrated tar may be pumped into a storage tank, railway tank 
wagons, or filled into barrels. .The connection between the still 
and the cooler must, of course, be broken, and the tail jiipe of the 
still fitted up to a main connected to a pump, and also by-passed 
to a barrel filling stand-pipe. Sometimes tar which has been 
kept in stock for a considerable time is called dehydrated tar, 
but in the strict sense\his is not a correct term, as this kind of 
tar will contain a certain percftitagc of entangled water,* in 
spite of long standing. 

As already mentioned, by far the greater quantity of pre¬ 
pared tar is used for road treatment, and therefore chief con¬ 
sideration will be* given to it in this connection. A batch of 
prepared tar, suitable for road treatment, may be manufactured 
as follows. Twenty tons of gas tar are charged into a still, 
and the ammoniacal water, crude naphtha, light oil, and middle 
oil distilled off, as tlescribed on pages 7-i-74. When the dis¬ 
tillate at the worm-end reaches a specific gravity of 1.045 at 
So° Fahr, the fires arc drawn, or the gas shut off, and the dampers 
opened. The. contents of the still are allowed to stand at rest 
until the temperature reaches about 2‘5o° Fahr., and then 
2300 gallons of heavy creosote of a specific gravity between 
1.060 and 1.065. and free from “ salts ” and water, are added. 
Thoiough agitation of the mixture is necessary. Th*e creosote 
is added by pumping it through the tail pipe of the still, and 
agitation is brought about* by blowing a gentle current of air 
mto the still through the same pipe. A far better plan, and one 
which Will not hold the still up while the half-finished material 
is cooling to 250“ P'ahr., is ?o provide a cylindrical boiler tank 
of suitable size as a mixing tank, and run or pump the material 
from the still into this. It shpuld, of course, be allowed to rest 
for an hour or two iii-the still before -running into the mixing 
tank. This tank' can be fitted with a mechanical agitator, or 
the agitation be carried out by blowing air into the material 
tluough a perforated pipe. After a thorough mixing, the pre¬ 
pared tar ma^ be pumped into railway tanks or to a storage 
tank, or fiHcd ipto barrels for despatch. As it is often required 
that the’ prepared tar be filled into tar spraying machines hot, 
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it is a goiyi jJan to place the storage tank in an elevated posi¬ 
tion, and provide it with a closed steam coil. By this means 
the tar can be rumiiito the spraying macliine by force of gravity, 
and hot. The specific gravity of prepared tars may vary between 
l.rt) and 1.125 at 60“ Fahr. . 

During the last few years there has been a considerable 
amount of discussion on the.subject of tar preparations for road 
treatiftent. The Road Hoard issued in April lyii a set of 
general rlirections and specifications relating tuthe tar treatment 
of roads, and these directions and specifications were revised 
in 1914. The chief items in the tar specifications of interest to 
tar distillers are those which relate to : («) the source of the 
tar: (h) the specific gravity; "(c) freedom from water; (U) 
fractionation ; (c) amount of phenols ; (/) free carbon content. 
Briefly, tli^ specific gravity must bo high, the amount of water 
and phenols soluble in water low, and the free carbon must not 
be higher tiiaii 20 to 21 ])er cent, if tlw reader desires further 
particulars he. is referred to tlu; literature on the. subject, among 
which are the pidfiications mentioned in the footnotes.' 

The experience of ])ractical tar distillers, which the writer 
can corroborate, shows that it is not possible for the tar distiller 
lo piocluce troiu some crirle tars a prepared t»r that will answer 
the specifications laid down by the Road Board; and yet tars 
can be manufactured at these works which, when used on 
roads, give results enual to any that answer the Road Board 
specifications. For e.xamiile, the ftur tars A, B, C, and D in 
Table XV have been used largely lor road treatment, all of 
them giMiig e.xcellent results, and yet when compared with the 
Road Board specification only C and D answer it. 


•I'AHLE XV 


Koad Tars 


j 

' RoadJJoanl bpc'oificatiuu. 

' tai. 

1 B tar. 

C tar. J 

D tar. 

1 I 3 <.dowi 7 o'-^(\ 

• 

not more than i 

ml 

' 1 ■'» 



' 170-270''^' 

f not less than to ) 

t not more thair 2() j 


2.5 % 


I 270-300° C 

_ 

fnoi less than 3 

1 t not n\ore than 10 % j 


9 "o 

1 

i '0 % j 

4 % 


•G.'lKraf Dtnctwns and Specificaktms rrUin/ to the Tar Treatment of 
Roads : Road Board. Wateriow & Sons, Ltd. • 

_ o'Highways to meet Modem Condition ol Traffic ” bv 

T. W. SmitL. Proc. Inst. C.E. Senes 1910*11. . ' ^ 

"Up-to-date Roads,” by R. O. Wynne Roberts. Trans. Soev Eners 
May 1910, vol. 1. No. 5. ^ 

“Investigations on Coal Tar and some gf Products • A R Warnp« 
and W. B. Southerton, Trans. Midland Junior Gas As&orAaiifv*,* 
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t As a mattej of fact A tar has been used on roads svbjected to 
very heavy traffic and it has stood wi U for a period of two years. 

TABLE 

Tar No. 2. 


Use 


Origin . 


Specific gravity at 
. 50 ° E. 

Content oi water . 


Fracttonalioti Jrom 
one-litrc flaik • • - 
Distilling below 
.138" F. 

Distilling betw'oen 
338“and SIS'-' F. 


Distilling between 
518® and 572'' F. 

Total distillate be¬ 
tween 338® and 
57 «'F. ■ 

Distillate between 
518® and 5(jy® F. 


Free carbon . 


Tar No. i. 


Surface tarring of 
roads. 


Bituminous coal 
alone, or, with not 
more than jo per cent, 
of Its volume of tar, 
etc., produced ininanu- 
facturc of carburetted 
water-gas. 
i.iO to 1.22, 

Not exceeding i ])er 
cent, by volume ; the 
water present not to 
contain more than 5 
grains total ammonia 
per gallon of the tar. 


Not more than i per 
cent, light oils. 

Between 16 and 20 
per cent, middle oils. 
This shall remain free 
trom 55 olid matter when 
kept at 80 ® F. for 30 
minutes.* 

Between 3 and 10 per 
cent, heavy oils. 

Between 24 and 34 
per cent. 


Between 1 2 and 21 per 
cent, by \veight, when 
i^xtractcd by benzol 
and carbon disulphide. 
(Residue from extrac¬ 
tion is " free carbon.”) 


For making tar mac¬ 
adam. or suvface tar¬ 
ring of roads in very 
hot weather. 

Bituminous coal 
alone, or with not 
more than 25 per cent, 
of its volume of tar, 
etc., produced in manu¬ 
facture of carburetted 
water-gas. 

1. 10 to I 2 j. 


Not more than i per 
cent, {light oils and 
water, if any). 

12 to 18 per cent. 
Shall remain clear 
when kept at 77® F. 
for 30 minutes, and not 
contain more than 2 
per cent phenols. 

6 to 10 per cent. 

21 to 26 per cent. 


12 to 22 per cent, by 
weight. 


* This requirement may be waived in the case of tar direct from gas¬ 
works, but ^ar from which the naphthalene has been extracted is preferable 
to t^ containing’ much naphthalene. This middle oils ” distillate is re¬ 
quired further not to yield to caustic soda more crude tar acids (phenols) 
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The following specifications (Table XVa) for tars, pitches, and 
tar oils have been issued by ■ he Road Board (2nd Edition, 1914) 

XVa 


I’tepan^ pitdi from 
tar distilleries. 

Conmiercial soft pitch. 

• 

• 

Tar uil. 

* 

Pilch groutiH}; 

• 

Ihtch groutuig 

For softening com* 
niercial soft pitch for 1 
pitth grouting. * 

• 

As for ’I'ar No 2 

A filtered green or 
anthracene oil : origin 
as for Tar No. 2, 

• 

• 

.. 

1.005 to 1085 at 
08" F ■ 

Shall be commer¬ 
cially free from light 
01I.S and water. 

• 

Not nu .c than | 
per cent, (ijjvliliatc 
below 518® 1*. 

a\ot more than i (ler 
cent. (hstJlltito below 
318® 1*'. 

Not more than i per 
cent, (light oils and 
water, if any). 

Ih'Iow 518® F., not 
more than 30 per cent, 
(middle oils, light oils, 
anf' water). 


2 to 3 per cent. 

• 

lielow (>20'' F., not 
less than <>0 per cenf. 
total distillate. 

lO to 28 per cent, 
by weight. 

18 to 31 per cent, by* 
weight. • 

c 

_ 

• 



than is equivalent to 3 per cent, of the tar (by volume).* “^10 original 
publication (Waterlow & Sons, price 8d.) should be consulted for details 
of the method of distillation, etc. 
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I Some mamifaclurers of road tars advocate the ?iddition of 
crude naphtha to these prcparaticims. Tliis should not he 
tolerated, as crude naphtha is a valuable benzol, toluol, and 
naphtha yielchng material. If ever middle oils are employed 
in the manufacture of road tars they should be deprived of the 
useful phenols first. 

A tar for the manufacture of roofing felt may be prepared by 
distilling a charge of coal tar until the distillate at the wolm-end 
tests 1.050 at Oo^ Fahr. The distillate which comes aver before 
this point is reached is separated into the usual fractions as 
already described. The residue is allowed to cool to about z^^o" 
Fahr. cither in the still or in a suitable mixing tank, and then 
mixed with creosote of a specific gravity 1.045 Fahr., in 

the proportion of 1750 gallons for every 15 tons of tar distilled. 

The processes of continuous dehydration and continuous dis¬ 
tillation of tar as carried out when using the Hird plants 
described in Chapter'V. will now receive attention. In the 
continuous dehydration plant the following takes place. ‘On 
leaving the storage tank the crude tar enters the condenser 
tank by the tar inlet at the bottom, and in passing 
upwards to the outlet on the opposite side of the tank circu¬ 
lates round the condenser coil and absorbs heat from the 
distillate which is passing through this coil on its way to the 
distillate receiver. After leaving the condenser tank the crude 
tar passes through the inner tube of the cooler, and while doing 
this it absorbs heat and cools the prepared tar which is flowing 
tlurough the cooler jacket on its way to the prepared tar receiver. 
From the cooler the hot crude tar enters the still at a tempera¬ 
ture approximating 70° C., and travels first down one side and 
then up the other, due to tlie presence of the central longitudinal 
baffle. While the tar is passing tlirough the stUl it is heated 
by the four bunsen burners working in the tubes at the still 
bottom, and it gives off in the form of vapour the crude naphtha, 
light oil, and carbolic oil, which pass forward through the swan 
neck and vapour pipe to the condenser coil, where they are 
condensed, and from which they are conducted in the liquid 
fotm to the distillate receiver. The tar leaves the still, passes 
into the jacket of the heattr, and thence into the prepared tar 
receiver. ■> 

The continuous process of tar dehydration offers several 
advantages over th,'. intermittent system, among which are 
(l) low supervision charges, (2) low fuel consumption per ton 
of tar distilled, (3) reduced wear and tear of plant, (4) small 
area occupied by plant, (5) low cost of plant. Continuous 
dehydration^^ plants can be considered satisfactory for the re¬ 
moval of ..the benzol and toluol which are taken up by the tar 
in the gas-washing process. They are also very suitable for the 
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preparation of prepared tars to answer the Road Board spaci- 
fications. It is, of course, necessary to vary the working tem¬ 
perature according'to the kind of prepared tar required. For 
tar to answer specification No. i for spraying, tlie working tem¬ 
perature approximates 230° C.; for specificatioli No. 2, tar for 
macadam, a working temperature of 260“ C. is necessary, and 
for specification No. 3, tar fof grouting, a temperature of 288“ C, 
is tlie'best to employ. Naturally the character of the prepared 
tar and the yield of distillates will vary a little? according to the 
quality of the crude tar passing through the plant. The fuel 
consumption is very low ; for instance, in the case of the Hird 
plant, in making No, 2 Road Board specification tar at a working 
temperature of 260° C., i ton of tar required 67 lbs. coke breeze, 
or if gas-heated, 550 cubic f*‘et of gas at 500 B.Th.U. The finished 
tar on leaving the plant has a temperature of from 230-260° C., 
and on flowing through the heat intcrchanger heats the ingoing 
tar to appro.Minately 100° C. Crystallisation of naphthalene 
in the light oil need not he feared as this distillate leaves the 
condenser and passes through the seal bo.c at a temperature 
bulticieutly high to prevent it. 

Compared wiih the intermittent system, Bird’s continuous 
system of 111 distillation shows several advantages. The chief 
of these are ;—■ 

(1) When started the plant is able to do its work automati- 
ca’ly, without depending entirely upon personal suiiervision. 

(2) Very low temperatures prevail throughout the whole of 
the .stills, with the result that wear and tear of plant is reduced 
to a minimum. 

(3) Priming troubles arc entirely eliminated, with the result 
that the various distillates are very light ii. colour, and leave 
little residue on re-distillation. 

(4) The process being continuous, there is no loss of heat 
from stopping and restarting and, consequently, there is a 
distinct economy in the cost of distillation. 

(5) '1 he Vitrious fra* lions are automatically and simultan- 
eouly discharged into the receivers, and no attention whatever 
is necessary in this respect. 

(6) The size of the plant is approximately one-quarter that 
of the intermittent tar still for the same output. A plant to 
deal continuously with one ton o^ tar per hour never contains 
more than 3 tons of tar in process of distilV '.ion. 

Briefly, the method of working this plant (she Figs. 38-42) is 
as follows : The crude tar is conducted from the storage tank 
into the legulating tank, and from this tank it flows to the first 
of a series of fotr heaters, a constant head being maintained by 
means of a float valve in the regulating^anfc. On passing through 
these heaters the temperature of the tar is raised by its receiving 
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halt from the distillates leaving the stills as they pass through 
the coils. During its passage the tan is deprived of some of its 
water and crude naphtha. The v.ipours 'of these materials 
pass into a common main and thence through the coil of a coil 
condenser, in ‘which they are condensed. The condensed 
liquids pass tlirough a sight bo.v and a separator, and then to 
their respective receivers. 

After itj. passage through the licater-coolers the tal' flows 
through the pitch cooler, and while doing this its temperature 
isu further raised, while that of the pitch is correspondingly 
lowered. On leaving the pitch cooler the, temperature of the 
tar is approximately 126° C., and at this temperature it enters 
No. I still. Here the balance of tlie ammoniacal liquor and 
crude naphtha are distilled off. Ix-aving No. 1 still the tar 
enters No. 2 still, in wliich its tenqierature is raised to about 
249° C., and during its passage through this still the light oil 
is distilled off. Enteiing No. 4 still its temperature is raised 
to approximately 340" C., and at this temperature the creoSote 
oil comes over. Passing from this still the partly distilled tar 
enters No. 4, in which its temperature is actually reduced, 
falling approximately to 260° C. This reduction is effected by 
the employment of injected steam, no other means of heating 
being employed in this still. The tar is in fact submitted to a 
steam distillation which brings over the anthracene oil at a 
much lower temperature than would be necessary if fire heat 
were employed. This effects a considerable saving on the 
plant from a wear-and-tear point of view. 

The residue in No. 4 still is liquid pitch, and this passes from 
the still into the pitch cooler, through which it travels on its 
way to the pitch bay. and during its progress it gives up much 
of its heat to the crude tar passing through a pipe immersed in 
it on its way to No. I still. The temperature of the pitch on 
leaving the cooler is such that it does away with the giving off 
of the white irritating fumes so often observed when running 
off pitch in the intermittent system. 

With this plant it is possible to adjust the temperatures so 
as to obtain continuously uniform fractions of any desired 
boiling-point, while at the' same time the pitch can be varied 
to meet any desired twisting point. One man is able to super¬ 
intend the working of the plant, his duty being merely to adjust 
the burners and rcal.l the thermometers, which indicate clearly 
the working of the stills. 

To enable the works manager to keep some sort of check on 
the yield of the various distillates obtained from the tar which 
he is passing through his stills from month to minth, it is a good 
plan to make out a balance-sheet, say once a week, similar to 
the following:— 
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Tar distilled 


Tons. 

100 


j Liquor . 

I Crude naphtha 
i Light oil 
' Middle oil 
Creosote .. 

* Pitch 

Loss {by dillerence) 


Galls, per Ton. Tons. 


5.86 

383 

10.80 
068 
20.40 


fl.oo 

i 56 

7-57 

447 

1.C72 

07.73 

1.90 


Ultimate Products 


Benzol, go 

Solvent naphtha, go-i6o° 
Heavy naphtha, .92c . 

Carbolic, 50° 

Creosote— 

Prom tar direct jg.oS 
Prom bottoms . 14.^9 

Pitch .... 


1.71 galls, per ton tar. 

2 . 0 () .. „ 

0-45 ,, „ 

4-0.5 .. .. „ 

. 5 J -47 .. 

1.4.55 cwts. „ „ „ 


Working costs in regard to the distillatisn of tar will vary 
in Jiffeient works according to local conditions, kind of tar, 
type of nlant, condition of plant, whether gas or coal firing is 
-inplojed, and so on. The following figures may, however, 
prove of some use as a guide to bcgi.mers. 

Wages productive and non-productive, 2s. 6d. per ton of 
tar distilled. 

Stillman’s wages, 4id. jier ton of tar distilled. 
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PLANT FOR Rl'.COVERING CUESYLIC AND CARBOLIC ACIDS FROM OILS 

Sn>pliuric acid process—washers—storage tanks- springing tank- CO., 
jirocnss—carbonating boilers—plieiiolatc tanks—pump and sump^ 
reaction towers -divider tanks—^receivers for tar acids—receivers tor 
spent liquor- -fmi.shing tank—and egg-storage tanks—CO- gas— CO.^ 
furnaces—^iiurifying and washing towers—water .separator—causticis- 
ing plant caustici.sers—storage tanks —filters—pump—evaporators 
cresyhc acid—still charging tank—still—fractionating tower- 
condenser—" bottoms ” receiver- -pitch bay—cresyhc and carbolic 
receivers—air blowing,tank -continuous tar acid extraction plants 

Therf. are two methods in general use for the recovering of 
phenols from tar distillates: (a) The sulphuric acid process, in 
which moderately dilute sulphuric acid is used to decompose the 
elution of phenolates- known toclinically as “ carbolate ” and 
“ cresylate ”—^and the resulting sodium sulphate run to the 
drain, the phenols only being recovered ; and (b) the COj process, 
in which carbonic acid gas is employed to decompose tliu “car- 
bolatc ” or “ cresylate,” the resulting sodium carbonate being 
converted into caustic soda by causticisation, and used lor ex¬ 
tracting a further quantity of tar acids. The latter process is 
sometimes known as the “ continuous process.” It is much 
more economical to work than the former, although the initial 
outlay for plant is somewhat greater. 

Washing tanks, generally known as washers, are required 
for both processes. These tanks may have a total capacity of 
3500 to 4500 gallons, and in shape are generally c^hndrical; 
fometimes round-bottomed, Jrough-shaped tanks arc used. The 
cylindrical washers are placed in a horizontal or vertical position. 
If ip the former position, the washer should be tilted a little 
towards the outlet, but if in tt,c latter, it should be provided with 
a dish or shallow cone-shaped bottom. A cone-shaped bottom 
will give the best results a!s regards draining. Horizontal washers 
are provided with a shaft on which are fitted agitating arms, and 
the journals of which pass through stuffing boxes let in each 
end oi the washer. Good second-hand boilers, from wliich the 
tubes have been drawn and the ends blanked, make excellent 
washers. Vertical washers may be fitted with an, archimedean 
screw agitator, or wing agjtators, on a horizontal or vertical 
shaft. If tCn agitator of the latter type is used in the vertical 
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position it ^ advisable to fit several fixed arras on the side of 
the apparatus. It is poliev to cover the vertical and also tlfe 
horizontal trough-sliaped wjshers, and a manhole and lid must 
be provided. A useful piece of apparatus to employ in connection 
with the washer is an oil separator. This is sinjilar in pattern 
to the divider box described on jiage 5J, Fig. .30, but it is often 
made a little larger. Tlie objej't of using this piece of apparatus 
is to separate any oil from the final runnings and drainings of 
‘‘carbolatc” or “ cresylate,” a matter of sojue importance. 
Any oil which may come with the ammoniacal liquor, w'hich it 
is sometimes necessary to draw off before commencing a wash*, 
m<'f\’ 1)0 recovi'red if a sei)arator is used. 

With the exception of “ earbolate ” an<l “ cresylate ” stor¬ 
age tanks and tar acid storage tanks, which may be of any 
shape and size to suit circumstances, a “ springing ” tank is the 
only other piece of plant required in the sulphuric acid process. 
The “springing lank” may be construjled of wrought-iron 
])lat«, but even if care is used jn conductijig tlie process, some 
rorrosion of the plates, and, if mechanical agitators arc fitted 
to Ihe tank, of the agitators, will take place. Lead-lined iron 
or w.ioden vessels arc more suitable for this part of the process. 
It IS now possible to obta'n iron vessels homoj;cneously coated 
with lead, eoeered, and provided with an agitator. A vessel of 
this kind is very suitable for the “ springing ” of earbolate. 
Coi'cred tanks provided with meclianical agitators are safer to 
use than uncovered tanks, the conten* of which are agitated by 
hand. Wooden agitators are usually employed tor hand agita¬ 
tion. The shape of a “ springing ” tank may be cylindrical, or 
like a round-bottomed trough. Cylindrical tanks may be 
placed horizontally or vertically. If in the latter position, and 
this is really the best, a dished or cone bottom should be fitted 
to the tank. This will allow of a better draining of the tank from 
the sodium.sulphate liquor which separates after “ springing.” 
The cock tired to the bottom of the tank to run off the contents 
should be made of acid .csisting mei^l, such as regulus metal 
or “ Tantiron,” for preference. Some people prefer to skim 
the tar acids off the surface of the sulphate liquor, but,this is 
not so cleanly as running first the sulphate liquor and then the 
tar acids from a bottom cock. The capacity of a “ springing ” 
tank may vary between 1000 and 2000 gallons, sometimes 
even greater, but a good average figure may be taken as 1500 
gallons. 

For working the COj process more plant is required than 
that just described for the sulphuric acid process, and it is 
of a somewhat tomplicated nature. In 'addition to the wash¬ 
ing tanks, the following are necessary: Two “ earbolate ” or 
"cresylate” boilers, a pump and suction sump, a*reaction 
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tower, two dividing tanks, a receiving tank for the tar acids, a 
receiver for the spent liquor (impure carbonate of soSa solution), 
one finishing tank, one acid egg, on| furnace'for generating COj, 
a dust separating apparatus and tower for purifying and wash¬ 
ing the CO2, ajid the necessary pipe lines and arrangement for 
removing the wat<r which sometimes separates from the gas. 
The gas may be drawn through ):he apparatus by the employ¬ 
ment of a_ steam jet. According to the requirements of the 
Alkali Act, the^spent gas must be purified before passing to the 
atmosjihere, 'Ihis can be done by passing it through one or 
fither of the well-known purifiers, and then allowing it to escape 
into the chimney stack, or it may be passed over the stetam 
boiler fires, after travelling-through a seal pot, as described 
when dealing with foul gas mains, jiages 55, 56, big. 3a. 

Instead of employing a reaction tower, some distillers prefer 
to put in what are, known as carbonating boilers. The number 
of these boilers required will vary according to the volume of 
“ carbolate ” to be dealt with, but it is advisable to put in at 
least four. No large divider bo.ves, receivers, or pump and 
sump, are necessary if carbonating boilers are used. Of course 
a punrp for removing the spent liquor is required in both cases. 
The CO2 is forced through the " carbolate ” or “ cresylate ” 
via perfonited coils, by means of a compression pumj), and the 
acids which separate are either removed from the boilers by 
means of skimmer pipes, or the contents of the boilers are run 
into tanks with open tops, and after standing for a sufficient 
time, the acids are removed by skimmer pipes. If desired the 
separation of the acids from the spent liquor may be carried out 
by running off from a bottom cock first the spent liquor and then 
the tar acids. When nearing the line of separation it is wise 
to run the liquid through a sm;ill dividing apparatus (p. 53, 
Fifi- 3<*)i tl'us avoiding any loss of acids. 

Dealing with the CO.^ process, in which a reaction or car¬ 
bonating tower is used, the pieces of plant na'mcd will be 
described in the order given. 

The ‘ carbolate ” or cresylate ” tanks are constructed of 
wrought-iron plates. Second-hand, cylindrical boilers, if in good 
condition, make excellent tijnks for this purpose. Whether new or 
second-hand tanks arc used the joints must be well caulked, or 
leakage will take place." A hole is cut in the top to admit a l^- or 
2-inch inlet pipe; ty^o smallei holes arc cut, one for the admission 
of a l-inch steaiji-pipe, to which is connected a double-lap closed 
steam coil, and the other to allow the exit of the exhaust pipe of 
this coil. Both these holes should be at the top of the boiler- 
tank. The manhole find cover are allowed to (, emain : a man¬ 
hole is sometimes useful for cleaning or inspection purposes. At 
one end'of the boiler tank a li-inch hole 15; mt rpntrp nf 
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which should be 3I inches from the bottom of the tank, and a 
iS-inch pipe is fitted by means of a flange. Tliis pipe is to 
conduct the phcnolates to jhe pump sump. A cast-iron gland 
cock is fitted near the end of the pipe to regulate the flow into 
tile sump, and it is wise to fit a further cock a few inches from 
the tank as a safeguard in case of accident, it is a good plan 
to arrange for a steam connection into this jape in order to assist 
in removing any obstructions which may occur, and provision 
for tlio insertion of an open steam end into, the'tank is an 
advantage. At the opposite end of the boiler-tank a small mud- 
hole 6 inches by 4 inches should be cut. The lower edge of tlie 
hole iimst be as near the bottom .as ])ossihIe, and a ciisting should 
be riveted on to cairy the mud-M)le cover. Both tank boilers 
may rest on 14-incli to 18-inch brick cradles, just a few inches 
above the ground level. 1 he capacity of these tanks will vary, 
of course, according to the quantity of tar acids it is desired to 
make per day , 

fl'he pump may be of any gpod make, .ind the delivery vary 
between i inch and ij inches according to circumstances. It is 
erected a few inches from the ground level, in close proximity 
to tire sump. A cast-iron vessel, about 2 feet deep and i foot in 
diameter, makes a suitable sump ; a wrought-iron steam boiler 
dome will answer admirably. The sump is situated so that the 
top rises about 3 inches from the ground level, and if out-of- 
doors a wooden cover should be provided to keep rain out. A 
few inches of puddle should be put In the hole before placing 
the sump into position. 

Thete are two chief types of reaction or carbonating tower: • 
the packed and the plate. The latter kind of tower is built 
up of cast-iron sections, while the former is constructed of 
wrought-iron plates. One of the best designs of plate tower is 
illustrated in Fig. 43. Natundly the size of the tower will vary 
according )jp the quantity of phenolate it is desired to decompose 
per diem. It may be appro.ximately 15 feet high and 2 feet in 
diameter, the sections being 8J ipphes deep over all. The 
number of dispersers in each section will vary according to its 
diameter. In a section of 2 feet diameter 8 may be puf in, the 
inlets to the dispersers being il iuches internal diameter and 
the diameter of the disperser hoods 4 inches. Each hood should 
have 12 by ^-iiich openings in the circle. Only one internal 
drain-pipe of ij-inch bore is nedessary for each section. This 
pipe should be arranged to allow a seal c? ij inches of hquid on 
each plate. It is an advantage to provide an inlet for a steam- 
pipe so that the tower may be steamed out occasionally. The 
positions of tht gas inlet and outlet, and also of the outlet for 
the spent liquor and tar acids, are slipwn in Fig. 43. 

A packed reaction or carbonating tower is filled with foundry 
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coke, cartjicnware balls, tiles, or one of the numerous patent 
tower packings. Jo pack",!i tower for this kind of work wfth 
coke is in the writoi^s opinion a mistake : the coke soon becomes 
clogged and the available reaction surface is thereby much 
rtduced. Often it clogs into hard masses, leaving fairly large 
holes here and there, called “ rat holes,” up which the gas travels, 
coming in contact with only the outside portions of moderately 
thick »;treams of liquid flowing in the opposite direction. 
Earthcnwjirc balls alone, or with small granite chips, in the 
w'riter’s hands, have given excellent results. In choosing a 
packing for a reaction tower of this kind, due regard should he 
given to the question of reaction surface: the greater this is 
the more rapid will be the decomposition. Three-inch earthen¬ 
ware balls with |-inch hole give appro.vimately 14.5 square feet 
of reaction surface per cubic foot of tower space ; 2-inch balls 
with i-inch hole, 23.3 square feet; and i-inch balls with no 
hole, 37.3 squ.ire feet. Small granite ciiips, about I inch by 
J itich by I inch appro.ximatqly, wilt give a very considerable 
reaction surface ; about 100 square feet per cubic foot of tower 
space may be taken as a guide. A tower to deal with 2500 
gallons of ])her.olate solution, containing 20 per cent, of tar 
acids, per 24 hours, would require to be about 13 feet high and 
4 feet in oiameter, if packed with i-inch balls with no hole, or 
if 2-inch balls with ^-inch hole are used, the height of the tower 
may be 22 feet and the diameter 4 feet. If packed with 3-inch 
balls with 1-inch hole, a height of 27 feet and a diameter of 
4 feet b inches would be necessary; or if 4 feet of small granite 
chips and l 3 feet of 3-inch balls were used as packing, then the 
height of the tower could Dc reduced to 25 feet, the diameter 
remaining the same. These figures are given as a guide, and 
may of course be varied according to requirements. The 
wrought-iron plates of wliich the tower is constructed need 
not be th^kcr than | inch; J-inch plates are often used. If 
balls and granite chips arc used together, two perforated plates 
are required, one as a also bottom s.nd the other to rest on the 
top of the balls to support the granite chips. If balls are used 
alone, tlmn one plate for the false bottom is all that is ppeessary. 
The plate for the false bottom should be J inch to 1 inch thick 
with ^-inch holes at i-inch pitch, and ^supported on cross-bars 
about I foot 6 inches from the bottom of the tower, but the top 
plate need not be more than J inth thick, the holes being of the 
same diameter and at the same pitch.' Cast-iron is the best 
metal to use. In the top or cover plate of the tower, a 4-inch 
hole shotfld be cut for the gas outlet pipe, a hole for a manhole 
of the usual site, and one for the phenofate delivery pipe, which 
latter leads to a spray arrangement., A 4-inch ga? inlet is made 
with the centre at least 5 inches from the bottom of the tower 



94 


COAL TA« DISTILLATION 


and to tliis a screwed flange is fitted. The end of tire gas pipe 
is'introducod through this flange s(i that 3 or 4 inches project 
on the inside. An inlet for a i-inchl steam-pipe to admit steam 
for steaming out the tower occasionally is made with its centre 
about 8 inches fronr the bottom of the tower, and in the bottom 


plate an outlet, about ij inches in diameter, is provided for the 
pipe which conducts the mixture «f spent liquor and tar acids 
to th(^ divi.der tank. The spray arrangement may be'of the 
Gurney type (see Fig. 44), or built up of a 6-way piece.connected 
to the delivery pipe inside the tower, and into which are screwed 
6' lengths of -J-incli wrought-iron pipe, about 22 inches long, 
and perforated with J-inch holes on the under side at a pitch‘of 
apjrroximately 5 inches. These holes should be in alternate 
positions when one pipe is compared with the next. Details of 
fhe method of pacldng this type of 
tower, and the arrangement of the 
. ])ipes, are shown in log. 45. 

The, divider tanks are made" of 
wrought-iron and much larger than 
those us(>d in the tar distilling plant. 
A-|l, They are generally comstructed square 

^ , in plan, and the depth nearly twice 

W that of the width. An average size is 

^ 2 feet 3 inches by 2 feet 3 inclies by 4 

_ _ _ feet deep, J-inch wrought-iron plate 

JlZ. being used, the seams thoroughly 

u ..=c!> caulked,,and an angle rim placed out- 

i-'i(.. 44.-4'';'raov'sjci.irr.,i.i;«i order to promote the forward 

flow of separated spent liquor one 
divider tank is set about 9 inches higher than the other. The 


pipe to the tar acid receiver which is attached to the first or 
separating tank is of i-inch wrought-iron pipe, and it is con¬ 
nected to a movable syphon pipe as shown in the diagram 
(Fig. 46). The lower tank is really a catch tank, wfiich retains 
any tar acids escaping from the divider, and the pipe from the 
separating tank which leads the separated spent liquor to this 
tank an,d also the pipe which conducts the spent liquor from 
the catch tank to the spent liquor receiver are of inches 
wrought-iron. Any tar acid which separates in the catch tank, 
and it should be very little, is removed by skimming. Re¬ 
ference to F'ig. 46 will ^ive the tnethod of fixing and other details. 

A wrought-iren'riveted tank, square, rectangular, or cyl¬ 
indrical in shape, may be used for the tar acid receiver. It 
should be placed near the divider tanks, and, if in the open air, 
covered in, a lid being provided in the cover intorder to make 
inspections. 'The outlet pipe, which is of i-inch wrought-iron, 
is with advantage connected with a movable skimmer pipe, as 
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generally oij. standing some spent liquor separates from the tar 
acids and settles to the bottom. In order to facilitate thi? 


separation, and tltus 
save some sulphuric 
acM, a closed steam coil 
may be placed at the 
bottom of the tank and 
fed withH'xhaust steam. 
The tar achis should be 
kept at a temperature 
not ex'ceeding 75° Fahr. 
As*regards the size of 
the tank, this will of 
course vary according to 
the volume of tar acids 
it is desired to deal with 
per day. The tank may 
be eKcted on theground 
level, or raised several 
inches, according to cir¬ 
cumstances. 

The receive r for 
spent hqv.n should be 
of wrought-iron, and a 
good-quality second¬ 
hand steam boiler 
answers admirably. It 
should be placed partly 
or wholly below the 
ground level, according 
to circunistances. I'he 
hob must be lined with 
well-made j mddlc before 
putting the *.mk in. A 
manhole with tight 
cover, a dipping pipe 
which also makes an air 
vent, and holes for in'et 
pipe and suction pipe, 
are required. The dip¬ 
ping pipe should reach 
about 9 to 12 inches 
above the ground level, 
and need only be f-inch 
internal diameter, the 
inlet pipe hole ij in¬ 
ches, and the suction 
pipe 2 inches. If the 
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tank is only partly below ground, the dipping^ pipe is not 
!iece,ssary; a J-inch hole will suirice. 

A lead-lined tank must be put j.i for tlie purpose of carrying 
out the finisliing operation. The'tank may be rectangular or 
square in plaij, and built of well creosotod timber, lined on the 
inside with stout “ chemical ” lead. Five or seven pound lead 
is quite thick enough. There i,s no need to provide for any 
openings in this tank, as the finished acids can be most con¬ 
veniently 'removed to the acid egg by means of ap, cver-ready 



syphon (Fig. 47). The tank should be placed as near to the 
acid receivers as possible,'and on the ground level. 

The acid egg may be constructed of cast-iron, wrought-iron, 
or lead. Of the three medals, lead is the least likely to suffer 
from corrosion, but to construct a large egg, say of a capacity of 
150-200 gallons, is a'n expensive matter. Cast-iron is liable 
to fracture, and in the writa-’s opinion a wrought-iron egg will 
give excellent results' and suffer very little corrosion if properly 
managed. There is no difficulty in making a wrought-iron 
egg of large size, and it is cheap. If the ends are well dished, 
there is no need to fmt in a central stay, wijich is of course 
necessary if the egg is made with flat ends. The egg should 
be provided with a pressure gauge, a safety-valve, a 6-inch 
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circular liylc with strciigtlicniiif; ring and draw-up inanlid, a 
i-inrlrair iiilcl, tli^- pii>i- just entering, a ij-inrli or 2-inch oiitTet 
jiipi'. which should •reach t ) within li inches troin the bottom 
of the egg, and a i-ineh <hain cock. For tile position of the 
\"arious littings, reference to fug, g.S should be made. The egg 
should be placed below giound, immediately under the finishing 
tank, and a brick-lined sumjj should be made under the drain 
cock shown in Fig. g.S. When setting the egg,, a fall of 4 
inches in jo ieet towards the drain cock miist.be allowed. As 
already mentioned, the tar acids a.e transferred from the 
limshing tank to the acid egg by an e\Tr-ready syphon , this 
jiiT'Ce ,if ajijiaratus is ilhistiati'd in Fig, 47. 

The tar acids may be stored in wrought-iron tanks of any 
coin-enient sliajie and size • they should be co\-ered in and a 
manhole and hd jirovided. .A li-imh 
dram cork of cast-iron should be fitted 
on the bottom of the tank, and the 
euo 4 : to be used for emptying pyrjioses 
must be fitted on the side with its 
centre line j inches from the bottom of 
the tank. It should be a 2-inch cast- 
lion gland cock. Storage tanks may 
be sujiiiorhd on brick or concrete 
jiie.'s, at a convenient height for filling 
bariels. Arrangeinents should be made 
for lonnecting the cmjitying cock with 
nil ins for hlling railway tanks or tank 
boats, alsj f.ir connecting uj) to a 
sttam sujijily m order that an ojien 
steam en(i ma\' be inserted into the 
tank to s'enin it out when it requires cleaning. 

In the tOj iiroci'ss, one of the most important pieces of 
apjiaratns i.- that from which the supply of carbonic acid gas is 
drawn. Sy letines the waste gases from the flues of a steam 
boiler, under wliich coke :s burned, ai^i used, after purifying, for 
this puiposo. I his meihod cannot be reconunended. The 
same may be said of the method of using waste gases ij-om an 
ammonia distilling ajitiaratus. Undaubtedly the best plan is to 
employ a special furnace, built just the riglit size to supply the 
plant with sullicient purified gas when if is working under full 
pressure. • 

There are several jiatent CO^ furnacA put, on the market 
by various makers, but it may be jireferred to build one’s own 
furnace. Three cliicf designs of furnace exist: the flat or dead 
hearth ; the firngrate, in wliich the coke'is burned on firebars ; 
and the water-bosh or water-.sealed furjiace. In the*first type of 
furnace, the fuel is fed to the fire at the top, and in Burning it 
G 
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rests on the firebrick bottom of the furnace. A east-iron door 
afibut 18 inches by 10 inches is put in on a level with the bottom 
of the furnace, on the front of which is an air grid to regulate 
the admission of air, and through wh?ch the clinker is withdrawn. 
The gas is taker off from the top of the furnace. With this type 
of furnace, trouble often arises with the air regulation, the fire 
burns very unevenly, and during the cleaning or clinkcring pro¬ 
cess much unburned coke is withdrawn with the clinker, and the 
uniformity of tlm gas is upset for an inordinate length of time. 
The clinker is often considerable. In the second type of furnace 
the air regulation is under better control, especially if the ash¬ 



pit is closed by a door on the face of which air grids are fitted. 
The lire burns much more evenly, but unless the bars are water- 
cooled they are rapidly turncci away; even when they are 
cooled with water, a good deal of trouble is experienced in this 
direction, and during the removal of the clinker much excess 
of cold air is admitted to the furnace;. 

The last type of filrnace is, in the writer’s opinion, the best. 
Two furnaces which he designed, and which varied somewhat 
in detail, both yielded excellent results. They gave very little 
trouble as regards clinker, and no trouble due-to excessive air 
admission aftd its resulting uneven quality of gas during cleaning. 
The fuel is fed in from the top via a hopper and bell valve, and 
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the iX)kiii(? ilown rarrieil out tliroush poking lioles. Asl^.’s, 
with very little clinker, arc removed through the water seal or 
bosh. Tlie gas isMrawn off through a tirchrick-lined flue in 
the side of the furnace iicrfr the top. This flue bends round in 
s'uch a fashion that the position of the exit is at the furnace 
top. and there it is connected with a cast-ij-on gas pipe. Air 
inlets are provided at each o< the four sides of the furnace, and 
they ifre made so that the quantity of air can be segulated by 
slides running in frarrics built in the brickwork. The furnace 
is lined with best ganisler brick ; when working pro]>erly, the 
temperature ot the furnace is so great as to fuse most, if not all, 
qualities of firebrick. A staging, sup))orted on brackets, is 
fitted round tlii' toil of the furnaefi ; this is for the man to work 
ujion. The furnace top is also covered with a cast-iron plate. 
It is mlvisable to strengthen the furnace with light backstaves 
and tie-rods. big. 49 will show tin- sbajie and many details 
associated with this type of furnace. • 

•As the gas leaves the furnaiie it carries with it a fair amount 
of dust, and also impurities such as sulphur dio.xide and sul¬ 
phuretted hydrogen, together with some moisture. 'I'hese it is 
neci.ssarx- to .sej.arate as far as possible before the gas enters 
the reaction tovver, or if carbonators are u*ed, these vessels. 
The dust must be sejiarated first, and then the g.aseous im¬ 
purities, and filially as much ot the moisture as jiossible. A 
d'Ht sep.irator mav be built in the bottom ])ortion of the washing 
and purifying tower, iir erected as a ; -jiarate piece of aiiparatus. 
It shouhi 1 k‘ of cast-iron. A simph* and yet eificaci'ous piece 
of apparatus for carrying out the dust-separating operation is 
^ shown with apiiro.ximate measurements in big. 50, and Fig. 51 
shows one built in the bottom of a purifyng tower. If the 
dust separator is erected as a separate piece of apparatus, it 
must be jilaced between the furnace and purifying tower. In 
the event a water-sealed CO^ generator being used it is a good 
plan to pi.', e the dust sejiarator as near the furnace as possible. 
'Ihc object ot this is to keep the scp.vator hot in order to avoid 
the condensation of moisture, which, if it takes place, will convert 
the dust into mud. It is necessary to remove frequently the 
dust from the se])anitor in order to prevent choking. 

The purifying or washing tower (Fig. 52) is best constructed 
of cast-iron sections, square or round in plan. If round, each 
• section should be about 3 feet in 'diameter, and if square, about 
2 feet 6 inches by 2 feet fi inches. In either ease, each section 
should be 12 inches deep. Each section carries a grid, supported 
on a ridge cast on the section (see Fig. ,52). The grids may be 
of wood or miW steel; the writer is inclined towards the use of 
mild steel, as in his experience the amount of corrosion is ex¬ 
ceedingly small. Wooden grids eventually become soft and 
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between 5 and 6 indief. A liand liolc is made in each section, 
tile lower portion of which must be on a level 'with the top of 
the grid or tray. The nuinlier of sections in the tower will vary 
according to the quantity of gas passing through it per day. 
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pig.0, the centre lino of which is 0 inches from tlie 'bottom of 
the section. A i-iricli or iTinch exit for wash water is ])ro- 
vidocl for in tlio bottom of the serli,-)!!. To the top section is 
fitted a 4-incli cast-iron gas outlet jupe, and also a i-incli water 


mill mET 

nir s an ms min 



inlet. The water is distri- 
huted n\’er the to]) gi'id hy 
■means of atiurney'sjet (Fig. 
44). in Older that the gas 
ppies conducting th,‘ irarified 
gas troiii the washing tower 
can be cleared of any ob¬ 
struction wliirli may occur— 
and obstructions have oc¬ 
curred occasionally in the 
writer’sexjierience- Iliey are 
fitted with fourway pieces 
arranged as shown in Fig. s,!, 
the ri'inoval of the blank 
flanges making it easy to 
shift the obstructioti. 

To remoi'e tlie water 
which condenses out ot tlie 
gas (esiieeially in cold 
weather) and settles in the 
lowest portion of the gas 
main, tlie following simple 
jilan devised by the writer 
may be used. The gas pipe 
is allowed a gentle fall until 
It reaches to within about 14 
feet from the point of entry 
into the carbonating tower, 
or first carbonating boiler. 
.A flat U-bend is made in the 
jiipe, and in the lower end 
of this, about the middle, 
and underneath the pipe, a 
,}-inch hole is drilled. Into 
this hole is inserted a cork, 
into which is fitted a piece 
of ;j-incli bore glass tube. 


Fig. .S2.— Dljur.iln llluslr.i‘inK .1'rjis'of eiiiilviii;; Kppf og shown in Fip 1:2 
Ti.mr mlJiimt lliibl S.p,iratGr. .O' S-)'. 

the dejith of the U is made 
so that it just allows the water in it to resist the pull on the plant 
without beinp drawn out ol the tube. Immedia'tely any water 
collects in ,the gas pipe, it is automatically removed by the glass 
U-tubc without the seal being broken and the admission of air. 
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In thw COj process, the spent liquor, which is really an 
impure solution oi carbonate of soda, is converted into causlic 
soda by causticising with lime. The pieces of jdant required 
for carrjnng out this jiroees?; are: two or three causticisers, two 
caustic soda tanks, a lilter, a pump, and an cvajiorator. These 
pieces of plant will be described briefly in thejorder given. 

The causticising tanks are cylindrical aq* built of wrought- 
iron of mild steel plates. They may be h«rizmital,or vertical: 
the latter, is the best tyix- to use. F,ach tank is fitted with a 
mechanical agitator, an open ami closed steam coil, a skimrqpr 
pipe, a grid or basket made of bar iron, at the top if of the ver¬ 
tical type, and a gale or treacle valve having a b-iuch opening on 
the bottom. They should be elected above ground, best on 
rolled steel joists and stanchions, and above the Alter. A water 
supply should be arranged for over each causticiser. 

It is advisable to put in two caustic soda tanks, one for strong 


’ m mime iwti • is wmic rn 



caustic soda from the causticisers and the other for weak caustic 
soda or " weaks ”—the washings of the lime mud from the 
cau;:ticisi rs and the filter. These tanks may bo square or rect¬ 
angular in shape, according to circumstances, and constructed 
of mild stpel plates, the seams being thoroughly caulked. A 
suction pqo which can be raised and lowered should be fitted to 
each tank They shoe J be erectetkon the floor level, as close 
to the causticisers as ])ossible. 

The filter is situated immediately under the caijsticisicrs, 
and should be of such a size that it»wiil hold the. lime, mud from 
all the causticisers at the same time. Jt is constructed of mild 
steel plates, | inch to -,^1, inch in thickness, and it is best built 
rect.mgular m plan. Tlic seams* should bo double riveted and 
thoroughly well caulked, and on one. stde as near the bottom 
as possible a 2-inch suction pipe should be fitted. Two sets of 
perforated plates are required: one to form the base of the filter 
bed and the Bther to cover the top. These plates are of mild 
steel, I inch thick, and drilled with .j-inch holes'at a pitch of 
2 inches. The bottom set of plates arc laid on Slaffordshire 
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blue bricks at a height of 6 iiiclics. arranged in i()w?i l8 indies 
apart, on tlie hot tom o[ tlie lilter. An excfllent lilter bed is 
made by using graded granite diiii^s and a toji lae’er of coke 
breeze, upon wliieli the otliei set of perfoialed plates are jilaced. 
The thickness of eacli layei' of granite chips and the aiijiroxiiuate 
sizes are as follov(^j: ()n the bed plates a lajer of i.l-inch to 
2-indi diips 4 ine'eps deep is plmcd ; then a ,;-ineh layer of 
ij-inc.li to vinch claps ; then a 3-inch la^er of Tinch to J-inch 
and then a 3-indi layer of J-inch and -J-ineli chip-, above which 
a, 2-indi layer of coke bi'eeze is jilaced. To dr\' tin* lime mud 
further than is jiossiblewith a filter, and to reeover the maximum 
amount of caustic soda in the form of " weaks,” the employ¬ 
ment of a centnfugal machine is necessary. 

Any good immp of th<‘ ram type may he connected up to the 
outlet at the bottom of the lilter. Tiie inimp sliould have a 
2-inch suction, and the glands on the wntei- end should be 
jiacked carefully with “ ammonia ” packing. This packing 
is the least attacked by the wcuk caustic liquor. The jnimj) 
not only assists in the liltcring ojieiation, but jmmps the weak 
caustic liquors, washings, and filtrate, into the evaporator. A 
connection with the " weaks ” tank to the jmmp suction is made 
by a by-pass. , 

If considerable quantities of weak caustic liquor have to be 
concentrated, then it W'oiild be advisable to jml in a vacuum 
evaporator and its aiipurtenaiices, using exhaust steam as the 
heating medium. However, this is seldom necessary in a tar 
distillery. The usual method is to cover the bottom of a tank 
of suitable size with a series of coils of 2-inch or s-mch steiun- 
pilie, A reliable tyjie of steam trap should be fitted on the 
exhaust end of the roils. To get the best results, the “ weaks ” 
should be allow'ed to stand as long as ])OSsib]e, in order to deposit 
any lime mud suspended in it. This mud will, if it gets into 
the eva])orator, coat the coils and thus hinder t(lie rate of 
evaporation. In any rase it is as well to clean occasionally the 
steam coils by scraping tkem, and then washing down. The 
evaporator should be erected on rolled steel joists and stanchions 
for preference, and at a height above the ground level which 
will permit of the concentnlted caustic liquor running into the 
storage tank by force of gravity. I'ig. 54 illustrates diagram- 
matically one method of arranging a causticising jilant. 

If it is desired to, manufacture 95-97 per cent, cresydic acid, 
then it is necessary to' submit the crude, as it comes from the 
carbonating tower, to a process of distillation and air blowing. 
The pieces of ])lant required to carry out the manufacture of this 
kind of cresyiic acid are as follows; A still clfargiug tank, a 
mild steel still with a fractionating column, a condenser coil 
and tank; collecting box, water separator, bottoms receiver. 
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pitch bay, A'Csylic and carl)()lic receivers, acid e^^/? and blowing 
boiler, and foul ^as*mains. 

It is very eoiw’enient t(»^ereet tlie nndistilled crude crcsylic 
storag<‘ tank at a lii^dier lev(‘l llian tli<‘ still to]) and in close 
I>roxiinity tliereto. Hy doinjj^ so the still c;ni be charged by 
force of gravity, and <nily oin' jiassage llirouyli the aenl egg is 
necessary ; two would be r(‘(|itired if the stodige tank is jilaced 
at a low level. 'I'he tank may lx* ot an^/conveni»•nt sliape, 
constructed of mild sti'cl ]>lat(‘, covenxi in and ])rovided with 
manhole and hd. An inlet ])i}ie and dipping boh' art' ]nit intik 
tlie, ton, and tin* outUd ]ni)e lor charging the still is placed on 
th<‘ side, its centre line being 4 inelu's liom the Ixilloin. .A vcTy 
convenient di.inuder for tlie chatgi' and inlet ]ii])e is 2 inches. 



It is advisable to jmt a i-inch drain cock in the bottom of tlie 
tank, tlirough which any sodium sulphate hqiu r which separates 
mav l)e diatned away. The separation of tin* iitpior may be 
expedited by keejhng the acid at a lempiTature ot about 70" 
Fahr. by in {iiis of a small steam coil. Fevery endeavour should 
be made to M‘ep this Ihpior out of tin* still. 

A cresylic still is con‘'.ructed of miki steel jilati's throughout, 
and of a similar shajie to a tar still. Tin* fittings, such as man¬ 
hole and hd, charge inlet, swan neck, safety-valve, taU ])ii)e, 
etc., are also similar to tar still littftigs, and the same may be 
said of the settings, fireplan*. fiui'S, etc.* The reader is there¬ 
fore rcierred to the details given under tar stills in chapters iii 
'and iv. ^ 

. As a C(‘rtain amount of carbolic acid is jin^sfnt in the crude 
cresylic an(* tlie value of the former is gem'rally greater than 
that of the latter, it is advisable to separji^e these by moans of a 
fractionating co!hmu. This piece of ap]>uratus is made of cast- 
iron and built up of si'ctions of appro.\imat<‘ly 2 f(H’t*in^diaiT)jti*^ 
and c) inches in dejitli. The size varies somi'.what 
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(ho typi' of column, and tlic licight of it, to a largt extent, ac¬ 
cording to tile degree of perlection to wliicli ifis desired to conduct 
tile fractioiialions. A good average number of sections used in 
a column is fifteen ; this includes the to]) and bottom sectiqns. 
One of till' IxAl tyjn's ol fractionating column is described and 
illustrated on jia&'S I and 135, The tower is supjxirted on steel 
stanchions and ir’sts on a convetiient ixirlion of the brickwork 
at the still to]i. .\ return pipe is fitted into the unilerneatli 
jKirtion of the bottom sei'lion ot the tow'cr and inserted into the 
.still toj), a I'-bend being made in the ]ii]ie to act as a seal. The 
bottom section is also connected (o the swan neck of the still, 
and an arrangement is made for liv-passiiig the tower, so that 
during the water and cresylic stages the vapours can be con¬ 
ducted direct to the condensing worm. These \'arious details arc 
illustrated diagraminatically m Tig. 55. It is a good plan to 
arrange that all the sections can be drained after each ojieration. 

The condenser cuil and tank are similar to those used with 
tar stills {see page 31) and so is llie collecting box (see page 51). 
Tor the separation of the water and tar acids as they run into 
the collecting box, this jiicce of apparatus is connected to a 
separator of the same kind as that described on page 33, but it 
is arranged for .the. water to be removed from the top of the 
separator and the tar acids from the bottom. 

After a certain jiortion of the contents of the still have been 
worked off, the residue is allowed to cool a little and then run into 
a tank, known as a “bottoms” receiver, to be worked up with 
the “ bottoms ” from other operations wdien a sufficient quantity 
has accumulated. A horizontal boiler tank makes an excellent 
receiver. It is set below the still nin off or tail pipe, and is con¬ 
nected up to the same. Connection is also made with a pump, or 
it is arranged that the receiver can be tightly closed and then 
emptied by air pressure. In this case it is connected to an air 
compressor, and an outlet tube is fitted so that rt reaches to 
within about 2 inches from the bottom. As the “ bottoms ” 
become viscous, it is advisable to put in a elosed steam coil of 
one lap, built of i-inch wrought-iron pipe, in order to warm 
them up prior to charging them into the still. The receiver 
should have a manhole anVl lid of the usual size. 

The “ bottoms ” are finally worked to pitch, and the pitch is 
cither run off and mixed wit,h a big batch of pitch from the tar 
stills, or else run inlii a special bay. If a special bay is desired, 
it is constructed in a similar manner to the large bays described 
on page 60, but is of course much smaller. A 4-inch pipe is 
connected to the tail .pipe of the still for running off the pitch, 
and by means ot a reducing T-pioce, and the* necessary cocks, 
the " bojtohis ” pipe, which is 2 inches in diameter, is connected 
to the pitch pipe. 
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Receiver^ (or the cresylir and carliolic acid may be con-, 
structed of mild stod, and square, rectangular, or cylindrical in 
shape. If cylindrical, they njay be horizontal or vertical, and 
it is a good plan to arrange so that the contents can be trans¬ 
ferred by air pressure to storage or mi.xing tank?, in the case 
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• 

case of crcsylic. Square or rectangular tanks are not suitable, 
if it is desired to remove their contents bj air pressure, and so 
will have to be connected up to a pump or egg. • 

Crcsylic acid from the still generally contains sulphuretted 
hydrogen and other sulphur compounds insufficient quantity to 
render it foul in stnell. It is necessary to sweeten the acid before 
despatching to customers, and this pwcess is carrit?d,out in a 
large cylindrical boiler tank, placed in a horizontal position. 
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jAlons the bottom of tliis tank is fitted a perforatedvioil of i-inch 
wrouglit-iron tubing, throngli wliieli air^is jiassed during the 
operation, 'flie top of the tank is connected to a i-incli foul 
gas main, wliicli, in its turn, is connortod witli a jniritier or a 
seal pot and* ejector. In tlie latter case the gas is burned 
undiTiieath the tteain boilers, and tlu‘ ejector may i>e einjiloyed 
to draw air throrgh the cresylic* acid in the tank by leaving an 
open endon the u^Vight length of the coil, just a little .above the 
jioint at which it enters tlu' boiler. The toul gas iiKiy of course 
,be drawn thi'ough the purihcr by an ejector and the same method 
of air-blo\ving the cresylic employecl. 11 an ejector is not uaed, 
it is necessary to connect the perforated air coil to an air com- 
jiressor. it is as well to pibvide this tank with a manhole and 
lid of the usual dimimsious. An inlet ])ipe is also required, and 
so is an outlet pipe, with c;ist-iron cock, through which barrels 
are filled. A by-jiass should be connected to the outlet, so that 
when it is desired to load the acid into a railway tank wagon, 
it can be run into an egg, and then filled into the wagon by 
means of air jiressiirc. A suitable kind of egg has already been 
described on page (,6. 

In connection with the recovery of tar acids, the Hird con¬ 
tinuous tar acid extraction plant, and also Peiipers’ patent 
extractor, which is manufactured by W. C. Holmes & Co., Ltd., 
are worthy of notice. 

The Hird plant is illustrated diagrammatically in L'ig. 5(1, 
and the method of working is as follows: The apparatus is 
so arranged that the correct quantity of caustic soda lye for 
the removal of the tar .acids from a given quantity of oil is auto¬ 
matically apportioned. In the event of the flow of oil to be 
washed v.arying during its passage through the plant, then the 
quantity of caustic soda lye is automatically adjusted to meet 
that vari<ation. On reference to Fig, 56 it w'ill be noticed that 
on the top of the plant are two tanks, one containing caustic 
soda at a fixed level and the other unwashed oil, which is supplied 
from the usual oil-storagii tank. 

In the event of the flow of unwashed oil varying, the level 
in the,tank will rise or fall. This rise or fall is communicated to 
an e<jnilibrium lever by bieans of a float which depresses or 
raises a cast-iron slot-dipping pipe into the caustic soda lye ; 
with more or less flow the dipping slot would be lower or higher 
and would consequently allow a larger or smaller quantity of 
lyc to flow into'fhe dowutake tube. 

The oil and caustic soda lyc mix together in the manner 
shown in the figure and then flow downwards into an upward 
flow mixing tube. At the bottom of ftiis tiiUb is a perforated 
steam-pipe which is connected to a ste.am inlet pipe. Upon 
this pipe'is fitted an aspirator, which, during the passage of the 
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steam, draw* air from tin' atmobjiliere. This, along with tne 
steam, brings abont.a tliorougli mixing of the eanstie soda lyi» 



J'l'.. —Diagr-nii of Uml’s I’.ifonl Condniious I’lirnol I'.xlrat tiou J’l.tiit. 

and unwashed *il in the tube. Tlie uiixture then overflows 
at the top of the tulie, and eontininaa down ward'course to a 
circular balfle as shown in the figure. By this time flie whole 
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of the tar acids have bccri extracted from the oi), and as tlie 
mixture leaves the baffle tiie washed oil rises to the upper portion 
of the tank and the carbolate sinks to the bottom. 

The washed oil leaves by a pip.- fitted at the top of the tank 
and the carbojatc by a pipe the outlet of which is near the bottom 
of the tank, and wliicli rises vertically outside to the same 
height as the wished oil outlef.. The depth of the carbolate 
in the tank is automatically controlled by means of the auto¬ 
matic feed, and it's possible to vary this so that, if necessary, 
the carbolate can be raised or lowered in the main tank. 

' Peppers’ patent extractor is illustrated in Fig. 57. For the 
satisfactory manipulation of this plant two tanks are required 
to hold caustic soda lyc of. different strengths and one tank to 
hold unwashed oil. There are two mixing chambers and 
separation tanks, one for the extraction of crude carbolic and 
the other for crude cresylic. Defore the extraction iiroccss is 
commenced the oil and caustic soda h'e are heated to a suitable 
tem])craturc, approximately 80" Fahr., by means of a dry steam 
roil in the bottom of each tank. The strength of the caustic 
soda lyes will depend upon whether the. tar acids are to be re¬ 
covered by the CO3 process or by the sulphuric acid method. 
In the case of the former they may be approximately 1.115 
specific gravity for carbolic and 1.125 for cresylic, and of the 
latter 1.125 for carbolic and 1.225 lor cresylic. 

Unwashed oil from the storage tank and caustic soda lye 
of the determined strength for the extraction of crude carbolic 
acid are run into the conical shaped device at the mouth of the 
mixing chamber A, which, as will be seen on inspecting the 
diagram, Fig. 57, is fitted with a .series of sectional jjates. The 
flow of oil and lye, is controlled by the cocks H and C. 

On leaving the conical mouthpiece the two liquids enter into 
section i, which consists of a plate with slotted holes at the side, 
and they splash on this idate and run through the slots into 
section 2, which consists of a plate with a centrally fixed hole 
to lead the oil and soda into section 3, which is similar to 
section i. This process' of agitation continues until the mix¬ 
ture of oil and soda has passed through the whole six sections. 
On leaving the mixing chamber A the two liquids enter the 
sriiall tank U, in which separation takes place. 

The separated catbolate passes through a small space at 
the bottom of the curtain plate E, and then through the cock 
F, on its way,to flic carbolate stock tank, to await further^ 
treatment. ■ ■ / 

The partly washed oil flows through the regulating cock G, 
and is led into the "second mixing chamber H, along with 
caustic soda lyc from tli^e storage tank containing that of the 
correct strength for the recovery of crude cresylic acid. 
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Tlie ,soc(^fKl mixing clmmlxT is of slightly difforcnt con¬ 
struction to the firs^, but is ]>r;Lrtically on the sumo jirinciplci 
It consists of u comoul-sliapcd moiifli, like tlic one in the first 
chamber, and flat ]>lates with centrally fixed holes to which 
are fitted snuUl neck pipes on tlie bottom sidjs, also three 


B C 



Fig. 57.~Feppers’ Patent C'cinlmiious l-Alractor for tlie Recovdly of Cailtolic and Creaylic AcitLs. 


shallow dished pans with slotted openwigs round the edge. 
These dished pans are placed between the jdates. 

The liquids on entering section i pass through the central 
hole into the disced pan beneath it. flowiifg through the opening 
at the edge on to section 2, where they splash together and run 
through the central hole into the disdied pan, as in section I. 










II2 COAL TjAR niSTILT.ATION 

This goes on tliroiiRh :ill tlic sections. On lerivjng the Inst 
lection tlie nii.xtnre enters the lank j, wlijrli is similar in con¬ 
struction to tank 1) on llie crude carbolic* portion of the plant. 
Tlie separation of the oil and cresrlato takes jilace in tliis tank, 
the oil llowinfj through the rc'guhition eoek K, and the 
cresylatc under the curtain plate and tlnough the cock L, 
into their respective storage tan^s. 



CHAPTER VIII 


TUE RKCOVi;iiY OE CAHIiOLIC AND CKI'.SVLIC ACIDS 

Cruflf rarliolic and crcsylic at ids - tdioniical and pliysical properties of 
])l.t‘nol and llie oresols—tauslicisiiif' soda asli and “ spi*iii lupior ”— 
wasl'ing oils foi' lai ai ids intoroli^iigc protess—particulars relative 
to wasliiiig oils for crude tarbohe and t.resyhc acids—woiks tosts - 
recovery of Inr auds from phenolate sul])liuric ai id proc t'ss—CO.j 
])rotess dislillalioii of “ spiung " cresylii acid air-blowing distilled 
cresylic acid 

('l(lft)l': carbolic and crcsylii' acids arc a s< nice ol considerable 
income to tlic tar distiller, and in all well regulated works every 
care is exi'ieised to recover the maxiinuin anionnt of each from 
the tar distdiates in wliieli they exist. These tw'o articles con¬ 
sist of nii.xtnrcs of phenol-, chiefly of the monohydric series, of 
which phenol, carholic acid or hydroxjdx'nzene (C^Hj.OH) is 
the hrst. The next in tile series are tlie three isomeric cresols 
or liydroxytolucnes (CJI4CH3.OH). 

I’lienol occurs in the form of cole'.rless deliquescent prisms 
wlucli melt at a temperature of 42.0° C., and turn ])ink on ex¬ 
posure to liglit. It boils at 183“ C., and can be distilled in a current 
of steam. At 0° C. phenol possesses a specific gravity of 1.084, 
at 18“ C. 1.065, at 35 ° E., 1.0597. ether, alcohol, 
carlaon disulphide, benzene, carbon tetracliloride, tetrachlor- 
fthane, glacial acetic acid and glycerine, phenol is soluble 
in all proportions. It is also soluble in the fixed and volatile 
oils. A nil dure ol half camphor and half phenol crystals 
liquefies on standing, wiih a fall in t‘’mperatuie. On account 
of the high molecular depression of phenol and the small mole¬ 
cular weight of water a small percentage of the latter (about 8) 
renders phenol liquid at ordinary temperatures. It is only 
sparingly soluble in water, i part dissolvigg in 15 parts of water 
at 16° C. Aqueous and alcoholic^ solutions of phenol give a 
violet colouration with ferric chloride. Phenol is used largely 
in th( manufacture of salicylic acid, salol, jlicric add, phcnacetin, 
and many other important substances. 

The tliree isomeric cresols, ortho, mjta, and para, occur 
in commercial cftisoi or cresylic acid, the proportion of each 
varying in different samples. Schulze.gives the folWwing aver¬ 
age fi^es; M. crcsol, 40 per cent.; 0 . crcsol, 35 p?r cent.; 
n 113 
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and P. crcsol, 25 per cent. In water the tlrrec crestls are only 
slightly soluble. At 15° C. 100 parts of v/ator dissolves 2.5 
parts of the ortho, 0.53 parts of the meta.'and 1.8 parts of the 
para. Alcohol and ctlier dissolve the three isomers with ease. 
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Owing to the jiresencc of the C'nHr, radicles in phenol the OH 
group (hydroxyl) possesses weak acid projierties (its basic, 
character being somewhat modili(sl). This is shown in its 
behaviour with caustic alkalies, with which it reacts to form 
phcnolates. Om- of these whicli is of importance to the tar 
distiller is known as sodium plien.ate, and it is formed by acting 
upon phenol with caustic soda. It is ri'presented by the 
formula C|.llr,.ONa, ami the reaction is indicated by the follow¬ 
ing equation : - - 

CJlji.OH -I- NaOll - CjHj.ONa -I- H^O. 

Tlie hydroxyl (Oil) group in the cresols is also weakly 
acidic in property, but not so strong as in the case of phenol. 
This is probably due to the modifying influence of the CHj 
group in the C5H4,CIl3 radicle. By acting upon the cresoLs 
with caustic soda, crcsylates are formed having tlie formula 
CnHjCHj.ONa. If a mixture of phenol and cresols is treated 
with insufficient caustic soda to combine with the, whole, then 
a preference is shown for the phenol owing to its stronger acidic 
property. This fact is used in practice in the recovery of 
carbolic acid from oils which contain both phenol and cresols. 
Sodium phenolate. and the .sodium cresylates are stable in 
aqueous solution, but are readily decomposed by solutions of 
mineral acids, liydrochloric add gas, sulphur dioxide, and carbon 
dioxide. 

In the process of recovering tar acids from the distillates 
which contain them, a solution of caustic soda is used, the 
strength of which varies somewhat according to the kind of 
acid to be" extracted or, the process employed. The caustic 
soda is sbmetimes made at the tar works and concentrated by 
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evaporati(»n, and in those works employing the COj procgss, 
the manufacture of caustic soda (causticising of the spent 
liquom) is an everyday occurrence. On tliis account a de¬ 
scription of tlie process of causticising soda ash and spent li(juors 
will be given, before dealing with the recovery processes. 

The best quality of soda ash (sodium carbonate) to use is 
that known as 5 h per cent, alkali. This co' i,ains on an average 
98.75 per cent, of actual sodium carbon,-.e {Na.,Ct)J. In the 
process of converting this material into caustic .soda (technically, 
causticising) quicklime of a high grade is employed ; the beat 
lime for the purpose is wliite Hu.vton lime. Theoretically the 
reaciion which takes ])lace is shown by the following cejuation:— 

Na/iOj-l- Ca(OH),=*2NaOII-|- CaCO^ 

106 74(.-,()('aO) 80 100' 

In jiractice it is necessary to use between 10 and 15 per cent, 
of lime abo\'e the theoretical quantity^ as the reaction is a 
reversible one. ami, to obtain the best nLults, the soda-ash solu¬ 
tion inust be as dilute as possible. Using an ash solution of 
20-2/ Iw. (i.io-i.ii sp. gr.), the amount of sodium carbonate 
caustirised will be between 95 and 97 jier cent. Some prefer 
to add slaked lime to the ash solution, bq^ in the writer’s 
opinion ;t is far better to emjiloy quicklime and make use of 
the heat generated during its hydration to assist in the causti- 
ci'.ing cl the sodium carbonate. 

I he process is carried out as foil iws : Water is run into the 
c.iusticisei until it reaches within a lew inches of the bottom of 
the lime grid. Open steam is turned on as soon as the coil is 
well co\’(.Tcd, find stOfiin is allowed to pass during the remainder 
of the time of charging, and until the water practically reaches 
its boiling-point. The desired amount of soda ash is added to 
the water, commencing as soon as signs of ebullition appear, 
care being Vtken not to add more ash than is necessary to give 
a specihe gravity of i.ii (22° Tw.) at Cm" Fahr. It is an easy 
matter to calculate this amount fer ,any size of causticiser, 
once and for all, from the figures obtained by carrying out a 
small experiment in the chemical laboratory. The ash .solution 
should cover the bottom bars of the grid about one inch, and 
while at a temperature of about 198° FaJir. the lumps of caustic 
lime should be thrown into the gijd, a few shovelfuls at a time, 
until the calculated quantity has been, added. Let each lot 
of lime " break down ” and wash out of the grtd before adding 
a further quantity. Keep the agitator running slowly all the 
time. For a causticiser containing about 1200 gallons the 
operation shoulfl take about 15 to 20 minutes. As soon as all 
the lime is in, shut off the open steam, put on the closed steam, 
and increase the speed of the mechanical agitator a little! 
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A{*cr ;ibimt i| liours it is as well to remove a sampte and test 
it to see liow the eausticisation is progressiiif,'. It generally 
takes about 1 5 to 2 hours after the lime is all in to eompletc the 
operation. This time may l)e shortened a little if a large excess 
of lime is used, for instance no lbs. of lime to every loo lbs. of 
soda ash used. 

Wlieu th<’ eaus'ieisation is complete, the contents of the 
eausticisers are allo.-ed to remain at rest for about 3 hours, 
and then the eli'ar caustic sorla rimioved hy a skimii’cr pijie to 
the storage tank ; as much as |iossible of thi' caustic soda solution 
should be run ofl. To the mud is now added some cold water, 
the volume diirending u])on the ipiantity of mud ; il 10 cwts. 
of soda ash have hern causticised, then about 250 gallons of 
water will be sufficienl. ()])eu steam is timied on and the 
agitator started, and both the passage ot steam and the, agita- 
ticin aiv contimred until the contr'uts of the tank begin to boil. 
One hour is allowed for settling, and then the clear liriuor is 
run direct to the evaiKinrtor, rmy milky lirpior being passed 
through the filter hist. A further 250 gallons of cold water 
are added to the uuul, and well mixed m by mechanical agitation 
only, after which about one hour is .allowed for settling, the 
clear licpior is skimmed off for evaporation, and the soft mud 
then run on to the filler. The liipiid which filters through is 
evaporated down, and then addetl to the strong caustic soda 
with the other concentrated washings. By this method of 
washing it is possible to reduce tlie content of actual caustic, soda 
(NaOll) to 0.5 per cent. If il is desired to dry the mud lurther, 
it may be transferred from the filter to a special centrifugal 
machine. 

Before causticising the “ spent liquor,” which is separated 
from the tar acids .at the divider tanks, il is necessary to bring 
it up to a standard strength by adding soda ash. 'I'he quantity 
of ash it is necessary to add is found by submitting a sample of 
the spent hquor to analysis. A good standard to work to is 
10 grams of ash per 100 cxc.’s. Tlie amount of ash required to 
bring the ” spent liquor ” up to strength being added, caustici- 
sadon and the washing of the lime mud arc carried out in a 
similar manner to that just described. With reference to the 
amount of lime to be .added, the writer has obtained the best 
results by using fi to (li cwts. of best Buxton lime for every 
10 cwts. of actual soda ash in solution jn the “ spent liquor.” 
It is not possible to gauge the strength of the " spent liquor ” 
by means ot a hydrometer, as it contains impurities which' 
affect the specific gravity. Caustic soda for washing out 
cresylic acid is often made a little stronger, andThis necessitates 
reinforcing the causticised “ spent liquor ” by the addition of 
some strong caustic soda solution, or by evaporation, this 
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latter opcKtion naturally raising the content of caustic soda by 
reducing the quantity of water. Unfortunately, evaporatJon 
increases the percciitage of impurities, and if this gets large 
the reaction between the ter acids contained in an oil and the 
caustic soda in the liquor is somewliat retaided. 

Crude earlxilic and cresylic acids are c.xtracted from crude 
naphtha, liglit oil, carbolic o^, or light erfa'ote. Tlie methods 
of dealing with these distillates before ext acting the tar acids 
vary mor<' or less in diflerent works. Souietunes’the oils are. 
submitted to distillation tirst, sejiaratiiig into two or three 
fractions; at other times a portion of the tar acids is washed 
out of the oils, after which they are distilled and the distillates 
washed tor tar acids. Circumstimees determine which jiroccss 
is carried out and also the number of tractions made, and their 
cut ])oinls. Whichever piocess is used the tar acids are washed 
out with caustic soda lye, and recovc'red by either the COj or 
sulphuric acid method. , 

•Heiore the oils are washeil with the caustic soda lye they 
should be alloweil to settle in the washer for ;l short time ill 
oriler to settle out .my entangled ammonia water. This 
mate1i.1l will not- only dilute the lye, but as it generally contains 
ammonium suloliide a reaction will take place, resulting in the 
formatio’i ol sodium sulphide and ammoniflni hydrati'; the 
former romjiound is inctipiible of comliining with tar acids, iind 
tl'.iis reduces the active strength of the lye. During the settling 
out ])roeess, any oil wliidi sep.n.ites inqilithahau' (“salts 
(,ut ") must be kept warm by means of ;i closed steam coil, 
and it is also necessary to wash this type of nil at an elevated 
temperature. This tem])erature must not be loo high, and if 
the c.imtic lye is used hot tlie s.inie jirecantiou must be taken. 
If ttie oil or lye is loo hot the amount of tar acids extnu.ted is 
n.it so great as when warm or cold. Also, if the process of 
interchange is being carried out and the carbolatc or oil is too 
hot then " a tendency for the carbolatc to give up .some of its 
tar acids to the oil. \ good “ average ” temperature to use 
when washing is 85" F.alir. It should be borne in mind that the 
caustic soda lye must not be loo strong. 

The method of ’ntercliang'- is employed in both the'COj and 
sulphuric acid proci'sses. It consists in adding a phenolate 
containing a little carbolic and much cresylic aciil, or all cresylic 
acii'. to an oil rich in carbolic acifl, when the c.arbolic acid in the 
oil displaces the cresylic acid in combiftation.with the soda in 
the phenolate, the cresylic acid going into solution in the oil. 
Interch.inge takes place. 

If the tar acids arc to be recoverefl by the sulphuric acid 
process, the fresh, or “clean,” caqstic soda lye-used for the 
purpose of washing an oil is moderately strong, 'varying in 
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specific gravity fnim T.150 to 1.225 I'ahr. TJic specific 

gralAty of “ clean ” lye used in the COj procfss varies between 
I.no and 1.140, but that from “ s])ent liejuor ” generally has 
a much higher specific gravity (at times 1.150), due to im¬ 
purities in sohitjou. Sometimes " clean ” lye is used to wash 
a fresh oil, and with reference to the amount of caustic lye re¬ 
quired, tliis will va(;y according to„whether it is desired to take 
out the whole of tliR tar acids or only a portion. By testing 
the oil for its content';.*' tar acids, and using the equation given 
on page 114, or by adding measured volumes of lye to a known 
qilantity of oil until no further decrease in bulk takes place, the 
chemi.st can determine appro.ximately how much lye to use. 

In following through an Intcrrhange process, using mode¬ 
rately strong lye at the finish, it will be assumed that the 
phenolate with which it is desired to wash the fresh oil stands 
at a specific gravity of i.iio and contains 21 per cent, of tar 
adds po.ssessing a crystallising point of 60“ b'ahr. 

It is not jxissible to give detailed figures with reference to 
the amount of phenolate to be jmt on an oil; this will vary 
according to the quantity of oil it is required to wash and also 
with the kind of oil. The amount must, therefore, be determined 
by experiment in the chemical laboratory. After the oil has 
been washed with'the phenolate containing 21 p<‘r cent, of tar 
acids, it is allowed to settle for a short time, say about half an 
hour; the phenolate is then run off to a storage tank, tested, 
and retained for further use. The oil is then washed with 
another phenolate containing, say, tar acids of a crystallising 
point of about 58" Fahr. Witli a good oil the crystallising 
point of the tar acids in this phenolate will be probably raised 
to about 60“ F'alir. A further settling of the oil and phenolate 
is allowed to take place and the phenolate removed to a storage 
tank, or if desired into the tank containing the phenolate wliich 
has in solution the higher crystallising acids. The oil may 
now be washed with another phenolate contaitunjt tar acids 
possessing a cry.stallising point of, say, 45" or 50° Fahr. The 
crystallising point of these acids will probably be increased to 
50° or 55° Fahr. A settling is allowed, as already described, 
and'the Ilhenolatc removed. Sometimes the oil is now washed 
with a strong solution of caustic .soda, the specific gravity of 
wliich may be 1.175 at 'bo° F'ahr. The resulting phenolate is, 
as a rule, used on a fresh oil. Should the oil be particularly 
rich in crystallisajile acids, a further wash with phenolate may 
be given before using caustic soda lye; and in this connection 
it should be urged that tests be made in the chemical laboratory 
throughout the whole ofieration of washing. 

The following particulars relative to washing oils for crude 
carboUc only or for crude carbohe and crude cresyUc will no 
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donbt provj useful to the student. They are taken from actual 
works practice. • 

Cnidc V(r/)////;rt. ■Washed free of tar acids (total e.xtraction): 
1000 gallons of oil taken. ^ 

350 to 450 gallons of caustic soda lye at 22° Tw., or 
equivalent in active, slrengtli, if for COj recovery process, or at 
30-35“ Tw. if lor sulphuric acid recovery J'tocess. Resulting 
phenolate reserved for interchange. 

I.iglil (hi.- Washing tor carbolic oniy (») : 3000 gallons of 
virgin oil taken. 

l.s/ jra.sA. --1000 gallons caustic soda Ive (7.6 giaius NaOH in 
TOO C.C.). Resulting phenolate sent diiect to COj carbolic 
recovery plant. , 

2nii ivush. boo gallons caustic soda lye (7.6 grams NaOH to 
loo C.C.). Resulting phenolate sent direct to COj recovery 
plant. 

yd nnisli. looo gallons weak phenolate off once distilled light 
• oil or off crude naiihtha or virgin ligli* oil. 

Test resulting phenolate. If iihenols low in crystallising 
point use for interchange on light cresole, if crystallising 
])oint suitable run phenolate to recovery ]ilant. 
qi/i u'i(.s 7 i. 1000 gallons weak jihenolate. 

Re-iiiling ]ihenohite to be used tor intwrehange. 

After the four washes distil the light oil. The distillate, 
known as “ once distilled light oil,” is washed with clean caustic 
soda lye until free from tar adds, and the resulting phenolate 
is kept lor interchange inirposes. 

2000 ,,all:)ns once distilled light oil for washing, 

1000 to 1500 gallons caustic sotla lye added according to the 
amount of tar acids jiresenl. 

Note. If using the sulphuric acid revovery process the 
caustic soda lyes are used stronger and correspondingly less in 
volume. 

l-:glil I ’T—Washing for carbolic only {h): 3000 gallons of 
virgin oil taken. 

xsl u'lisli. 1000 gallons weak phenolate off light oil, crude , 
naphtha or once distilled light oil. 

Resulting phenolate reserved for interchange. • 

2nd wash. lOoo gallons weak phenolate as used for ist wash. 
Resulting phenolate to be used for irtterchange, say, on light 
» creosote (or carbolic oil). • 

Note .—After this wash treat the light oil as in example (a) 
above. 

L-tglt! Oil. —Washing for carbolic and cresyhc (a) : 3000 
gallons of virgi« oil taken. ' 

is/ wash. 1000 gallons of caustic soda lye containing 7.6 grams 
NaOH in 100 c.c. 
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Resulting phcnolate sent direct to CO^ carbojic recovery 
plant. 

2nd wiish. 600 gallons caustic soda lye (f.'f) grams NnOH to 
too c.r..). 

Resulting phcnolate sent direct to COj carbolic recovery 
plant. 

yd wash. 1000 gallons moderately weak phcnolate Irom 
interchange carbolatc boiler.' 

Resulting ])kenolate if crystallising point of tar acids 
suitable sent to carbolic recovery plant, if crystallising point 
' still too low use for interchange again. 

4//; wash.y Each of 1000 gallons caustic soda lye at jo° Tw. 
yhwash.l Resulting phcnolate sent to cresyhc reccivery plant 
(CO^ jirocess). 

Noles.~~(a) Some distillers ])refer to send the light oil to the 
still with about 4 per cent, to (i per rent, tar acids left in, 
and tlien wash the once distilled light oil as already de¬ 
scribed. (fi) If 'the sulphuric acid recovery process is 
used the clean caustic soda lye may stand at Tw., 

and correspondingly less in I'olume is requiri'd. 

I/g/i/ Oil. Washing for carbolic and cresj’lie (h): 3000 gallons 
virgin oil taken. 

isl wash. 800 gallons caustic soda lye (7.6 grams NaOH to 
100 C.C.). 

Resulting phcnolate sent to COj recovery plant or to 
interchange phcnolate boiler according to crystallising point 
of tar acids. 

2nd wash. 800 gallons caustic soda lye (7.6 grams NaOH to 
TOO c.c.). 

Resulting phcnolate dealt with as that from ist wash. 
yd wash. ( Each 1000 gallons caustic soda lye at 30° Tw. 

4(h wash.I Resulting phcnolate sent to cresylic recovery plant 
(COj process). 

No/c ((?).—Test oil and if not free of tar acids put on more 
caustic soda lye according to requirements. 

Notes {b) and (c)—See notes (a) and (b) under light oil washing 
for carbolic and cresylic (h) above. 

' Middle Oil .—Washing for carbolic only: 3000 gallons 

oil taken. 

1st wash. 1000 gallons'-caustic soda lye (7.6 grams NaOH to 
100 C.C.). 

Resulting phcnolate sent to COj carbolic recovery plant. 
2nd wash. 500 gallons caustic soda lye (7.6 grams NaOH to 
100 c.c.). 

Resulting phcnolate sent to carbolic recovery plant (COj 
process), or 800 gallons caustic soda lye (strength as above). 

Resulting phcnolate reserved for interchange on light oil. 
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Middle /h'l. —Washing for carbolic and crcsylic acid; 
3000 gallons oil taken. * 

1st wash. 1000 gallon; caustic soda lye at y.h grams NaOH to 
100 c.c. t 

Resulting pbenolate sent direct to carbolic recovery 
plant. 

27 td wash. 1000 gallons caujtic soda lye, strength as in 
1st. wash. 

Resulting phenolate used for int(> 'chan(;c oit light oil, 
and then sent to carbolic recovery plant (COj process). 
yd wash, iioo gallons caustic soda lye at 30" Tw. ‘ 

Resulting phenolate sent to crcsylic recovery plant, COj 
process. . 

4t/i wash. IIOO gallons caustic soda lyc; at 30" Tw. 

Resulting ]ihenolatc sent to crcsylic recovery plant (COj 
process). 

Note {a). —Test oil to see if it requires any more caustic soda 

4 yc. 

Nolc (h). If the sul])l»uri(' acid recovery process is used, lye 
of 35"" Tw. may bo used for the car])olic, extraction, and 
45'^' Tw. fur tlic crcsylic acid cxtraciion, and a l(‘ss volume 
will bo reejuired in en*-!) easi*. 

• 

Witli reference to mannfactniing costs it is not possible to 
give an\' but average figures, as the cost of raw materials and 
lab'i'jr vary from time to time, and in diiterent parts of the 
country. The average cost for labour and chemicals to produce 
I gallon (.] (i( " crude carbolic acid by the COj process is i.frid., 
and if carbolic and cresylic CO^ recovery ])lants are worked 
together the average cost for labour and chemicals to produce 
I gallon of ()0° carbolic is i.48d., and i gallon of 97-99 per cent, 
cnsylic, i.Ood. The cost of producing i gallon of tar acids by 
the sulphniic acid recovery process averages (Jut at about 41!., 
this high li ifre being due to the fact that all the caustic soda, 
is wasted, and a larger ' olurne of B.O.V, is required than in the 
CO, process. 

Table XVTI gives the ix'sults of some works e.xperiments 
on washing oils which may pro'-e useful to students. * 

In all the washing processes care must be taken not to agitate 
too vigorously or too long, as there is a possibility, if this is 
done, of forming undesirable emulsions which may take several 
horns to separate. Some of the lighter tttr distillates, such as 
crude naphtha, once run light oil, and sometimes even virgin 
light oil arc washed entirely free of phenolic bodies, and there 
are cases when c»cn a light creosote is served in the same way. 
At times, however, virgin light oil and light creosote are only 
partially washed for tar acids and then submitted to a distilla- 



122 


COAL TAR DISTILLATION 


tion. It is soineiimcs prtlorred to distil the liglit pil and light 
(j.Tosote previously to wasliing for tar atisls. Which of these 
various methods is used will depend eiitipely upon the circum¬ 
stances existing in the works. 4 should l>e reiucinberi'd that 
an <>il containing a fair amount of naphthalene' will deposit that 
suhstanci' in the washer very fi'cely after the tar acids have 
been washed out. 



TAIU.E XVIT 
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14 
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12 
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22 

' 
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1st I 

14 

not at 28' 

400 


It appears that tar acids assist in keeping naphthalene in 
solution. It is necessary then, in cases of tliis description, to 
keep the oils at a temperature above that at which the naph¬ 
thalene contmued tlicrein will crystallise out. As the majority 
of tar distillers manufacture crude carbolic and cresylic acids, 
it is necessary to run* those phenolates which contain tar acids 
which do not crystallise at,' say, about 3,5“ Fahr. into special 
tanks to be worked Up for cresylic acid.’ Only those phenolates 
which contain'crystallisable tar acids are used for the. manu¬ 
facture of crude carbolic. The last wash off the light oils, and 
generally all the washes but the first off light areosotes, are used 
for the manufacture of cresylic acid. 

Tl)e next process is to recover the tar acids from the phenolate, 
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nd the metliod used is the same whether the phenolate con- 
tins crystallisal)le aci^ls or cresylic acid. » 

Dealing with the sulphuric acid “ springing ” process, which 
enerally follows the intercliajige process jnst described, the 
henolate is run into a suitable tank and diluted with water until 
s specific gravity reaches 1.08 at (>0" Imlir. It is then :Jlowed 
3 rest for an hour or two, in onjer to allow any oil which may 
e held in suspension in the phenolate to rse to the surface, 
'his oil is skimmed oif, as should it get mi f .>d up ,wil h* the cry- 
tallisable adds it will reduce, the crystallising jioint, or, on the 
thcr hand, should the acids bo non-crystallisable (cresylic ' 
cid), it will probably bring down their value by increasing the 
mount of imimrity in the finished psoduct. 

After the oil is skimmed off, sulphuric acid of about 148° 
'w. (B.O.V.) is added carefully, with thorough stirring. The 
mount of acid necessary to “ spring ” the tar acids should not 
e e.xceeded, and can be found by occasionally testing the 
onteifts ot the “ s])ringing ” tank with ftue litmus paper. 
Vhen the contents are just add to litmus, alter a thorough 
gitation, they are allowed to rest for from si.x to eight hours, 
'he ter acids are then sei)arated from the sodium sulphate 
quor underneath by first of all removing the latter through 
bottom dram cock, care being taken that no t®' acid escapes 
uring the ojieration. The suliihate liquor is run to the sewer. 
Vhen tar .aeids begin to show, it is as well to allow a further 
ettling of about ten minutes or so, or to run a few gallons 
hrough a se2)arator. The tar acids may then be conducted to 
. storage t.mk, and tested for strength, prior to mixing with 
ther strengths, or to filling into jiackages for despatch. 

With reference to the strength of the sulphuric, acid used, 
he M'riter iirefers to dilute the B.O.V, to about 110" Tw. and to 
:ecp the phenolate at a siiedfic gravity of i.io at ()0° Fahr. 
f too strong an acid is used to “ spring ” the phenolate, there 
3 a risk of tl ■ *sodium sul])hate crystallising out in the " siiring- 
ng ” tank during the settling jieriod, and if this takes place, it 
rill make it very awkward when the time comes to carry out 
he separating operation. Strong acid is also liable to act upon 
he phenols, forming sulphonic acids : these bodies bcint; un- 
lesirable in eilhei' crude carbolic or cresylic, as they s])lit up 
luring the refining operation when the material is distilled. 
The tar acids should be allowed trt rest in the storage tanks 
omc two or three days, in order to settlf out jny entangled 
.ulphatc of soda liquor. This is necessary in the case of both 
arbolic acid and cresylic acid. 

It is desirable* to clear the storage tdnks occasionally of 
-he soda sulphate liquor and sometime^ crystals which settle at 
;ho bottom. Should crystals form, it is as well to steam the 
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tanks out by inserting a temporary i-incli steam main into the 
'tank. 

Carbolic acid is sold in various qualities, such as 4o’.s, 45’s, 
50’s, bo’s, etc,, and it is possible by a process of mixing to build 
up any desired quality, cither from the phenolatcs or the 
" sprung ” carbolic acid. A very simple calculation will give 
the approximate volume reepyred. The mode of calculation 
as used on “ sprung ” acid is shown in the following example : 
Suppose ’ll! oi)P sto’K'ge tank there arc 200 gallons of 55’s carbolic 
and in another tank a quantity of 45’s acid. It is reijuired to 
convert the 55’s into 50’s carbolic ; then— 

200 X 55 + ,T45 - 50 (200 + ,v) 

■'(4.0-50)= 200'(50-55) 

• -.Vt - —1,000 

1,000 ,, , , . , . , 

.T - ^ ^200ganonsof.15 s acid are required. 

In the CO2 )irocess the oils are washed with a caustic srtda lye 
of a strength sufficient to absorb, in the case of carbolic acid, 
an amount which, when the pheiiolate is tested, will correspond 
to about 15 ])er cent, of the pheiiolate, and in the case of cresvlic 
acid about 20 per rent. The canstic soda as obtained from the 
cansticisers, if’tlie process is carried out ]iroperly (seepage 115), 
will be of sufficient strength to yield a ])henolate containing 
15 per cent, appro.ximately of tar acids, and, as already men¬ 
tioned on page llO, if the lye is to ’oe used for the recovery 
of cresylic arid, it must be reinforced with a little strong caustic 
soda made with the 77 ])er cent, solid caustic soda or with 
the electrolytic liquid. 'I'he interchange method may be used 
ill the CO, process of recovery, but a little more care is necessary 
in carrying it out. 

Before washing the oils, it is absolutely essential to allow 
any.ammonia water to settle out. This is necessary, as it not 
only reduces the percentage of active agent (caustic soda) in 
the lye by dilution, but also by combination with the sulphur 
w'hich exists in the ammonia water as ammonium sulpliide, 
sodium sulpliide being formed. It appears, from the results 
of a rtumber of experiments made by the writer and others, that 
part of tliis sodium sulphide is converted into sodium sulphate 
during the progress o’f the pheiiolate through the plant. 

Ill the process undet consideration, the phenolate is 
“ sprung,” or, dcco'nqiosed, by carbon dioxide (COj), which is 
contained in the gas prepared in one of the furnaces mentioned 
in chapter vii, pa^e 97. The phenolate passes down the 
‘‘ springing ” or reaction tower, over the packing or plates, 
and the gas containing the COj, entering the bottom of the 
tower and travelling in an upward direction, comes into contact 
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with the fiiiply divided phenolatc and decomposes it. No 
phenolate should be. passed through the tower w'oaker than 
15 ])er cent, of tar acids, and tlie rate of pumping to the top 
of the tower sliould be between if and 2J gallons per niinnte. 
This speed will vary according to the tyi)e of tojwr used and 
the richness of the gas passing up that tower. It is advisable 
to use a gas containing not les^ than 19 per cent, of COo, by 
volume, (iases frequently oceur, however, where if is not 
possible to ojitain a gas containing more tl]^ 13 to i/])er cent, 
of COo, and in these cases it is necessary to reduce tlie speed 
of the jnunping to somewhere in the neighbourhood of • 
l| gallons of ])henolat(' per minute. It is very advisable to 
test the spent liquor as it runs from the separator, to find the 
percentage of tar acid it contains. The maximum amount 
allowable lor a jilant workiiig iierlectly is 0.5 per cent., and 
should this amount be exceeded, tben it is time to look round 
the ])lant to see whether the gas is iioor in CO,^ owing to the 
furnat'e wanting re-charging, or the charge burning lioilow, or 
due to leaks in the gas main, or wliether the. speed of the pheno¬ 
late IS above that wliich it should be. It should be jiointed out 
that rare must be taken to jircveiit oil getting into the reaction 
tower with the phenolate, and time should be allowed lor this to 
sejiarale m the phenolate boilers. In order to k«ep the reaction 
tower in good working order, it should be steami'd out at in- 
ter'-als of aliout eight weeks. 

With reference to the manipulation of the COj furnace, it is 
advisable to charge this jiiece of ajiparatus .about every four 
hours, or even more frequently with some types of furnace, 
and in all cases to see that hollow places do not occur, and that 
1 he contents of the furnace are kept compact. This of course can 
be done by regular inspection, and, if a defect is found, using 
the poker intelligently. The coke should not be too large, 
about a size which will pass through a 11-inch to 2-inch riddle 
or sieve. It ifiust be of tlie best quality, as free as possible from 
water, sulphur, and clinker. 

The tar acids and spent liquor leave the reaction tower at the 
bottom and are conducted to the two cMviders (see chapter vii, 
])agc 94), and here the tar acids are separated from thffspcift 
liquor, the latter running to storage boilers, and the former to 
settling receivers. The tar acids are aUoVcd to stand in these 
receivers for several hours, to settle out entangled spent hquor, 
and then run into the finishing tank in maasured quantities, for 
treatment with a small amount of sulphuric acid. It is necessary 
to use tlfis acid, owing to the fact that a complete decomposition 
of the phenolate does not take place in th^reaction tower. The 
acid should be added carefully, with .thorough agitation, until 
the mixture changes a blue litmus paper red. In this aperation 
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the acid not only decomposes the remaining phenolate, but 
■assists in the removal of some of the water. It is advisable to 
use a H.O.V. of about 140“ Tw. in this operation. 

After the acid has been added, it is as well to carry out a 
laboratory tgst for the crystallising point, it crude carbolic is the 
quality under treatment, and in any case tor the percentage 
of water. Should the latter Ire above 15 per cent, it will be 
necessary to add a little more acid to the contents of the finish¬ 
ing tank'in qj'dcr'yhat it may be reduced. Whep the desired 
result is obtained, the acids arc best removed to a storage tank 
by syphoning over into a blow-boiler and transmitting by com¬ 
pressed iur. 

With reference to the Iknishing of cresylic acid, it is necessary 
to remove as much water as pus.sible before transferring to the 
storage tank or the still charge tank. The reason for this is that 
water is a difficult material to contend with during the process of 
distillation. It care l)e n.sed, a large quantity of the entangled 
water may be removed by the use of acid in the finishing tSnk. 

After the carbolic aeicl has been allowed to remain in the stor¬ 
age tank for a .short time, it is ready for despatch, and is either 
barrelled direct from the tank or else pumped (or, better still, 
transmitted by compressed air) into railway tanks or tank boats. 
Of course it isMiecessary that a careful test be made in the 
chemical laboratory to determine the crystallising point and 
other constants of the acid before it is despatched, and it is also 
advisable to keej) two large samples, say ot a pint each, in case 
a dispute arises between the buyer and the seller. The specific 
gravity of crude carbolic acid varies between 1.050 and 1.065. 

It is policy before submitting the cresylic acid to distillation 
to allow a further period of time for settling, to enable any en¬ 
tangled acid liquor to settle out, wliich, should it get into 
the still, would injure it, and also spoil the pitch. Further¬ 
more, the distilled cresylic acid would not be improved by the 
sulphurous acid set free during the distillation, Wheii the 
cresyh'c has settled sufficiently long, it is charged into the still, 
the fire hghted, or if producer gas is employed, this is turned on 
and ignited. The heat may be increased rapidly until such 
time 'as the dome of the still begins to get hot, when it is 
advisable to slacken the temperature of the furnace and work, 
carefully until water'and acid appear at the worm end. The 
rate of distillation must be carefully regulated, in order to avoid 
any risk of a boil-ove*. A mixture of water and acid comes over 
first, and this separates, after leaving the collecting box, in 
the separator described on page 106. If the cresylic acid has 
been carefully prepared, there will be very little oil in the first 
runnings. These first rupnings consist to a large extent of poor 
carbolic -acid, but in cases where the still is provided with a 
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good fractiosating column, it is possible to obtain a fair per¬ 
centage of a moderately good carbolic acid. When a fractionate 
ing column is usell, it is essential that no distillate be ])asse,d 
into the column until water, discontinues. Immediately this 
takes plac.e, then the by-pass is thrown out of gear and the 
vapours conducted into the fractionating column. The point 
at which Ihe distillate is changed over from carbolic acid to 
cresylic acid must be determined lor each particular batch of 
acid as it undergoes the course of distiUa’i.'ui, anil the chemist 
should recfive siim])les occasionally. A usual method is to 
catch the carbolic fraction into barrels, and then change over* 
to the cresylic receiving tank, cutting out the fractionating 
column at the same time by me^ns of the by-pass. .Some 
prefer to work each still charge to pitch, but this is a dangerous 
proceeding as a rule, the risk ol burning the jilates of the still 
being very great. It is far better to work several charges up 
to a determined point, running off the bottoms each time into 
.1 bihtoms storage tank, and when suliicii’i.t has accumulated, 
to make up a still charge and siinmit to a re-distillation. If the 
bottoms are particularly rich in cresylic, it may be necessary 
to run off again into a bottoms tank, and so proceed until they 
become very viscid, when the final distillation is made with the 
object ot v'l.rkmg to jiitcli. The method ol jirucedure must be 
determined by the chemist, or manager of the works, lor bis 
parricuhi’ (juality of cresylic acid. Cure must be taken in 
working to jiiteh that the distillation is not carrii'd too far. 
To ovei-riin the jroint when jiitch is tormed will jiroduce either 
pitch coke Ol an intermediate jirodiict which may be termed 
spongy pitch ; the latter material is dangerous, as it is exceed¬ 
ingly liable to sjiontaiieous combustion immediately the still 
manlid is removed, and it is also dillicult to remove from the 
.still. Pitch coke on the other hand is not liable to spontaneous 
combustion, but it has to Ije chijrped out of the still, and during 
its formate if the plates may become badly burned. Cresylic 
pitch is not of much value alone, and is generally mixed with 
the large quantities of coal tar pitch in the bays. 

A 1500 gallon charge of well .settled cresylic acid, if worked 
to bottoms and not pitch, will take about 24 hours tofinidi. 
The total yield of crude carbolic acid, possessing a crystallising 
point of about 46° Fahr., will approximiftc 9 per cent., that of 
■98 per cent, cjuality cresylic 60 per cent., water 8 per cent., 
and bottoms 23 per cent. A mixture at bottoms, when dis¬ 
tilled, will yield approximately 80 per cent, of cresylic add, 
the balance being pitch and loss. 

The cresylic acid as obtained from thfe still is not ready for 
sale. Distilled cresylic add contain| H^S and other sulphur 
compounds, wliich give to it a very unpleasant odour, and it is 
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necessary to remove tliese objectionable coinpennds before 
placing tlie acid upon the market. To, remove these com¬ 
pounds th(' acid is air blown in the special tank described 
■on page 107. The acid is transhjrred from the receiving tank, 
either by a Ijumi) or compressed air, to the air-blowin,g tank. 
Air is now passed into the acid by means of an air com¬ 
pressor, or else drawn through the acid by a steam ejector. Tlic 
foul .air must be dealt with according to the Alkali Act and 
therefore shoujd beMt burned ” or passed tlii ongh purifiers, and 
not allowed to escajre into the atmos])here. As'legards .the 
length of time lequired to free the acid from sidjihur compounds, 
nothing defmite ran be said, but as a guide to the learner, an 
average figure of three days may be taken, it is necessary for 
the chemist of the woiks to rig np a testing ripparatus and 
submit sanqiles occasionally lo a \'er\’ sim])le test, as described 
on page 251, 

Ciutle cresylic acid is usually sold on the basis <if ()5 per cent, 
or 97 to 99 per cent, of tar acids, and it is necessary Uft the 
chemist to test each hatch as linished for this content. The 
impurities will, of course, consist clm>fly of (o) oil, (h) naph¬ 
thalene, and (f) water. The s|)ecilie gravity vanes somewhat, 
gener.ally being between 1.042 and l.oyy. 

With reference to a (juality of cresylic acid termed “ water 
white,” this is not produced in the majority of tar distilleries, 
and will therefore not bo dealt witli in this book. The same 
remark applies to the manufacture of carbolic acid crystals. 



CHAPTER IX 


PLAN! ion THE RECOVERY OF BENZOf NAPJIThAs, ETC. 

tanks—" Ulow-over " stillsb^ow-ovor ” still fractionating 
(.o'liiim—Iractionalinf^ still and coliinin -<.le]dilcgniator—condensing 
coil and tank -divider box —slorase tanks. 


The plant necessary for the production of benzols and naphthas 
is complicated, and tlic desif^ns used by distillers are numerous. 
It is not ])ossible to desrnbe them all in this book, and 
tliereforo a fjeneial description of suitable ]Want is fjiven. 

it is necessary before flic light oils arc worked up into what 
are termed " once run ” products that they should be washed 
free from tar acids and pyridine. Washers for the recovery of tar 
achls are described on pages S8 and Io8 and will not need a second 
descripti.m heic. With relcrence to the removal of pyridine, 
this is earned out in tanks made entirely of cast-iron, cast-iron 
lined with lead, or wroiight-iron ; mild steel is frequently used 
in place uf the latter. Tlu^se tanks must be provided with an 
agitator, and the necessary gearing to manipulate it. The 
agitator nny be of the archimedean-screw type or of the paddle 
type, an 1 in tlie latter case horizontal paddles should be used 
in preference to vertical ones. The writer considers the archi- 
juedean-sciew type of agitator the best lind to employ. 
A veiiical washing tank must be covered in at the top, and 
should be made with a cone or dish-shaped bottom. An outlet 
for running 'Ji the pyridine acid and a'cid-tar should be placed 
at the ape.x of the cone, or the lowest portion of the dish bottom, 
and connected up to lead piping, wliich, in its turn, is connected 
to .an acid-resisting metal valve (regulus metal). The position 
of the washer may be such that it is not necessary to ufe lead 
piping at all, but simply to connect the valve direct to the 
bottom. Paddle agitators of the horizontal type have the shaft 
running through stuffing boxes, apd care must be taken that 
these are of a good make, otherwise there will be considerable 
trouble in connection with leaking. 

Wood is the best material to use to cover in the top of a 
vertical washer, ljut cast-iron, wrought-iren, and mild steel are 
sometimes employed. Let in through the cover of the washer 
is a charge pipe, an acid supply pipe, M. water-pipe, and also an 
inspection hole with a wooden cover. With reference to the 
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water-pipe, tJie writer prefers to water-wasii tiic contents 
tfirougti the inspection liole, using a piece cf flexible hose. By 
this means tin; sides of the washing tank can be waslied down 
with water before any agitation i‘ carried out. The advantage 
of tliis will be discussed in the next chapter. A few inches above 
the bottom of the washer, an outlet pipe is attached, through 
which the washed oils are passed into storage tanks or to the 
stills. , 

Some tar distilll^ic prefer horizontal washers, .but in the 
,writer’s opinion these are not nearly so satisfactory as the type 
just described. It is not so easy to run off the acid tar and 
pyridine acid from a horizontal wiisher, or to wash the sides down 
thoroughly, hurthermore the draining of the pyridine acid and 
acid tar cannot be carried out so completely. It is absolutely es¬ 
sential to erect the washing tanks in an elevatetl itosition, and the 
best results are obtained if the height is such that the washed oils 
can be run by force of gravity into the storage tanks or still. 

There are many works in which one waslier is used for both 
the acid and the soda washes. This is not advisable, as there is 
a great risk of spoiling the oil during the soda wash. It is far 
better to erect two washers of the same size and constructed on 
the same pilan, and use one for the acid and first water-washes, 
and the other fiir the soda and final water-washes. The acid 
tar is run to waste, and the pyridine acid into a receiving tank, 
which is also often used as a storage tank. As the acid tar is 
often almost solid, it is best to let it run into open ended 
tubs or other suitable receptacles for treatment before disjiosal. 
When a lot of pyridine acid has to be, dealt with and it is desired 
to work it up for pyridine, it is advisable to put in storage tanks 
—lead-hned wooden tanks are most suitable. Fuller details of 
these tanks will be given in the chapter dealing with the plant 
for the working up of pyridine acid for pyridine. 

Broadly, there are two kinds of still used in the jirocess of 
recovering” benzols and naphthas from tar oils. These are 
known in tarworks’ terminology as “ blow-over ” stills and 
rectifying stills. The former type may be subdivided into fire- 
heated and steam-heated. In the case of light oil, and often 
with crude naphtha, the “ blow-over ” still is fire-heated, and 
in many cases it is rot provided with a fractionating column, 
although it is a decided advantage to lit such a piece of appar¬ 
atus to the still. Another type of “ blow-over ” still is steam- 
heated, and in most cases this kind is used immediately before 
worldng the oils through a rectifying still. Steam-heated 
“ blow-over ” stills and rectifying stills are always provided 
with fractionating columns. 

Fire-heated “ blow-over ” stills are built similar in shape to 
a tar still and are constructed of J-inch mild steel plates. The 
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bottom is ljuilt roiicinv, witli a lise of iippro.viinatoly 2 fjct 
6 inrlics from tJii? liorizontal. To the bottom is ri\’ct(‘d a 
channel plate, and this channel plate is also riveted to the shell 
of the still. It is advantageous to constnict the bottom of the 
stilt of sketch plates or segments, and connect tlnlse to a circular 
crown plate on top. The dome of the still is built with a rise, 
the height of which will vary according to whether the dome is 
to carry the fractionating column or tbeiipactionating column is 
to be supy.'rtcd upon joists. In the forrAcr cas« a rise of abont 
3 feet is necessary for a Q-foot diameter still, but in the latter a 
rise of about 12 inches for the saifle diameter is alt that is 
requisite. 'I'lie stilt should be jirovided with a tail pipe and 
run-off taj), a safety-vah-e, a (rial fir overflow taji, and an inlet 
stool, to which is connecti.f the charge pqie. A manhole and 
lid must also be provided. If the fractionating column is not 
supported on the dome of the still, it is necessary to jirovide a 
cas^-iron swan neck and connections, in • rder to comluct the 
vapours from the still to the fraotionating column. 

With reference to the fractionating column, this may be con¬ 
structed either of cast-iron in the form of segments, or of mild 
st.’el, and is cylindrical in shape. Its diameter will vary a little, 
but ar’eiage Jiameters may be taken as 2 feet (1 inches and 3 feet. 
In till case of cast-iron columns, each segment will have a per¬ 
forated iil-.te titled into it, or cast on it and then drilled. Mild 
steel column'^ are titled w'itli a series of brackets fnim top to 
bottom, on which are supported tlie ])erfoi'ated jilates (see 
Fig, 58). These plates should be roughly about q inches apart, 
and are perforated with j-inch holes at a'])itch of 1 inch. There 
is also one hole having a diamleer of 4 incins cut in each plate. 
The plates arc J-inch thick, and in the case of a mild steel column, 
its tnickness may be |-mch. It the still is exposed to the 
weather, a mild steel column is the best to use, as it is less 
liable to d. tk owing to atmospheric conditions, such as rain 
falling on ttie column during the time that it is woi king. Better 
results are oirtained if (iie column is surrounded by a draught 
screen, built, say, of corrugated iron sheet ; in fact this method 
should always be ado]ited in rases in which the still is.erectcd 
in the onen. At the top of tin column a cast-iron vaiiour out¬ 
let is fitted, and this is connected in turn t* the vapour pipe. 

With reference to the setting oj this tyjie of still, the method 
given under the setting of tar stills on prices 36-44 will give the 
most suitable results. ' • 

stearn-heated blow-over stills (Fig. 58) arc constructed of 
mild steel plate^ of a thickness varying between -g-inch and 
J-inch; sometimes g-inch plates are used for the shell and 
j-inch for the ends in the case of Imrizontal stills. The best 
types of steam-heated blow-over stills are of the horizontal 
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pjittorn. With refcTence to tlio rfzo ot tliis type of sftill this will 
vary considerably accoriling to the amounf'of naphtha that is 
to be dealt with, but a (;ood average is 9 loot in length and 7 feet 
6 inches in diameter. The stilt is fitted vrith a casting, to which 
the run-off iiij)!' is connected ; also an inlet pipe stool ; a i-inch 



Fig. 58. —Diagram illustrating a Tjtw of Stoam-lie.ilcd Blow-over Still with Fractionating Column. 

to i£-inch open, stearii-pipe inlet, to which is connected a per¬ 
forated steam-pipe; steam chests; a scries of i^-inch to' 
2-inch wrought-iron tubes for closed steam — these tubes 
being covered at each end by the steam chest' covers ; a man¬ 
hole of the usual sire, provided with a draw-up manlid; a 
safety-valve ; and also a gauge of the glass tube or else of the 
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refraction liype, in order to indicate the level of the liquid in the 
still. Sometimes, this kind of still supports the fractionatiJig 
column ; in this case a vapour dome, fitted with a haffle, is 
usually placed near the fractionating column and connected 
to it by a jiiecc of cast-iron pipe. Fig. 58 illustrates one v^ay 
of doing this. The fractionating column should be light and 
preferably made of wrought-i];on or mild steel of alxnit J inch 
thick; in fact the same type of fractionating column as that 
already described for fire-heated blow'-op'r slillc may be used. 
The number of plates contained witnin the fractionating 
column may be betwieen ib and 20. • 

If it is desired to do awiay witli tlie vajioiir dome and baffle, 
a sw'an neck made of cast-iron may*be used in its stead to carry 
the vapours into the fractionating column (see Fig. 59). The 
bottom of the column is connected to a wrought-iron return 
pipe of 2 inches in diameter, bent in the form of a U-seal, or, 
if straight, extending almost to the bottqm of the still. If a 
casf-iron column is used, it is advisable to sup]>ort it on 
stanchions and joists, but it may be connected either W'ith a 
swan neck or vapour dome and baffle to the still, as desired. 
It is necessary to support this type of still on cradles. These 
may be of ■ ast-iron or built of brick or concrete; the writer 
prefers cast-iron, as in his experience these ha'ft.' given the most 
satisfactory results. 

Frac.iionating stills are generally of the horizontal type, coti- 
■structed of f-inch to ^-inch mild steel plates, and provided 
with fittings of a similar kind to those described for steam- 
heated blow-over stills. {.See Fig. 59.) 

With reference to the fractionating column, there are a 
number of types, and it is not possible :o describe every 
one of them in this book. If it is desired to produce ordinary 
naphthas and benzols, a fractionating column containing about 
20 plates, nyd having the last 6 segments water-cooled, will 
prove quite suitable, liut, on the other hand, if it is required to 
produce benzol, toluol, and xylol, 95 per cent, distilling over 
w'thin between and 1°, it is necessary to connect the frac¬ 
tionating column with a piece of apparatus known as a (Je- 
plilegmator. This apparatus, together with condensers, is 
described later. 

A great deal more care must be taken in choosing a fraction¬ 
ating column for a rectifying still. The ordinary perforated 
plate is not likely to give such good resulft as tfipse plates which 
are fitted with special dispersing arrangements. What is de¬ 
sired in a fractionating column is to bring the hot vapours, 
which consist of a mixture of light anrf heavy compounds, in 
contact with liquid material, in order to remove from the vapours 
by a kind of washing the heavier substances from the lighter. 
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T/iis can only be secured if each plate is arrangedsto carry a 



I'ic. 5^'. - Still and Column. 


certain depth of liquid during the process of fractionation. 
With the ordinary perforated plate it is more difficult to secure 
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this .state affairs lliaii it is with plates jrrovided with an 
arrangement which will keep a constant level of liquid, ajd 
allow the vapours', a,s they rise, to jiass in a finely divided state 
through that liquid. 

One of the best types of fractionating column which the 
writer knows of is shown diagrammatically in F'ig. 59. This 
column, like most of the columns used for fractionating stills, 
is built up of cast-iron segments. The number of these seg¬ 
ments will vary, of course, according to tf'e degree of fractiona¬ 
tion desired. If a dejihlegmator is used, a column constructed 
of between lO and go segments will prove (piite suitable, but if 
it is desired to do without a deplilegmator, it is advis.able to 
build the column of between ’5 aniL jo segments. The diameter 
of each segment may \'ary between 2 ieet and 2 feet 6 inches, 
and the ovi'i-all dejith between hj and 12 inches. The plate 
is c.ast on to the body ol the segment, and the to]) of the 
plate is about .] inches below the too of the segment. Each 
])lafe is jiroi’ided with eight or more inlef.s, which conduct the 
va])ours from the lower half of the segment. Over each of 
these inlets a cast-iron hood or disjicrser is ])laced ; this dis- 
))or''er is beeliiw in shape, and has twelve ojienings 1 inch by 
i inch, as shown m Fig. 5). There are also jirovided two over¬ 
flow outlets, to whicii are connected overfiow ])i])os. The 
method of arrangement will be seen on referring to Fig. 59. 
Tie boltom segment of the column is jirovided with a 
vapour inlet of 4 inches in diame'er, and this is connected 
by a sw'an neck to the still. There is also cast on this seg¬ 
ment a 2-inch connection to which the return pipe is fitted. The 
return pipe is passed into the still, and should reach almost to 
the bottom, or else be bent in the form of a U-scal as shown in the 
figure. The top section of the column has a vapour outlet stool 
c.ist on to it, which may be 2 inches in diameter; to this is 
connected the vapour pipe which will lead either to the con¬ 
denser eon dr to the de))hlegmator. If the column is not con¬ 
nected to a dejihlegma- ir, it is very advisable to water-jacket 
the top six or eight sections. Should the column be connected 
to a dcphlegmator, it is necessary to provide the top section 
with an inlet hole, to which i; fitti’d the return pijie from the 
deplilegmator (see Fig. 59). This return pijie is made in the 
form of a U with one limb longer thaif the other, in order to 
procide a seal of liquid to prevent the vapours from entering 
the bottom ])ortion of the deplilegmator* 

Dephlegmators vary in construction, some being cylin¬ 
drical, and others square or rectangular in shape. AU of 
these types wilf give excellent results, but only the cylindrical 
shape will be described. It consists of a mild steel cylinder 
its diameter, as a rule, varying between 2 feet and 2 feet 6 inches 
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and its lengtli between 7 feet and 8 feet. Inside tAe cylinder, 
about I foot 6 inches from each end, are ri\’fted two plates, into 
wliich are fitted a large number of copper tubes of similar dia¬ 
meter (between | and i inch). T^hrough these tubes a flow of 
water is maii\t:uncd, and the vapours from the fractionating 
column pass round the tubes, the heavier vapours being cooled 
and returning to the fractionating column via tlie U-shape 
return pipe just described (see Tig. Oo). The dephlcgmator is 



therefore provided with a vapour inlet at the top, which enters 
just underneath the tOp tube plate, and a vapour outlet near 
the bottom, just above the bottom tube plate. A return pipe 
is also fitted near the' bottom, just above the tube plate. Water 
is introduced through the inlet fitted to the bottom of the 
dephlegmator and leaves by the outlet at the top. 

After the vapours leave the dephlegmator, or, when this is not 
used, the fractionating column, they are conducted to a con-i 
denser. This condenser may be constructed of wrought-iron 
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tubing, arraiigecl in a number of laps placed in a cylindrical 
tank, or, especially w cases where a dephlcgmator is used, of«. 
cylindrical vessel Inside of which arc riveted top and bottom 
plates drilled witli holes into w;)iich a number of tubes arc fitted, 
very similar in fashion to the arrangements just described under 
dephlegmators. If it is desired to fit up a condenser coil ot the 
usual type, it is advisable to have that coil made in one length 
of wrought-iron pipe. The diameter may vary a liltle, but one 
of 2-inch diameter will generally ])rove quite fuitithle. The 
total Icngtll of the tube will vary, of course, according to the 
condition of the water supply and the rate at which it is required 
to work the still. With a still working at an average si)eed of 
about 70 gallons iicr hour, 180 feet af 2-inch wrought-iron jupc 
will be quite sufficient. The over-all diameter of each coil may 
be 4 feet (1 inches to 5 feet, and the distance betw'cen each lap 
should not be less than 4 inches. At least 4 inches should be 
allowed between the outside of the coil and the inside of the 
condf;nser tank, and the top laji^of the coil should be covered 
with about Cl inches of water when the coil is working. 

The condenser tank is cylindrical in shape and fitted with 
water inlet and outlet pipes, drain cock, etc,, as described 
on p.age 5c Gmnected 10 the condenser is a divider box 
of exactly the same pattern as that described on jiage 53 
(Fig. 30). The outlet from the divider box, however, is con- 
ne..cedup to .several l-inch jiipes by means of T-pieces, in order 
to conduct the various fractions to the.r respective storage tanks. 

Storage tanks may be square, rectangular, or cylindrical, 
according to convenience. In all cases they should be covered 
in and provided with a run-off tap, and also drain cock, through 
which any water which may settle out can be r.‘moved. 
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THE liECOVEUY t)E HENZOES AN’D NArilTHAS - EIKST DISTIELA- 
V'lONS AND WASIllNC.S 

PiitnjuHonjH crud e naplitl u- bv s1 (‘;uti or fire — distiMaPon of oil by 
lire — (listilhituui of lig ht_oii fij-ietions by st('iw nr tire— (hs-til l ation_Q f 
light creosote bv-iire- - wa-shin^ crude beiiz or. crude solvent and crude 
heavy naphtha to remove Var acids and ])yn<line bases— a mefluxl ti£ 
washing u^_(ie_UeiJZuU. n. midJiod. ul Wtiilnii^ exudv solvent - a metlmd 
nj;j,vnsmnu.c.rud clie4 yy^ solxciit nudhpds for the punheatte m of crucln 
benzol. 


The various qualiftvs of benzols and naphtluis arc obKiiiicd 
from crude naiihllia, light oii, and often from light creosote. 
It is necessary to wash these oils, or certain fractions obtained 
from them, free from tar acids and pyridine before the process 
of rectification can be carried out, and in the case ot the heavier 
oils, and very ffequently with crude luqihtha, a first distillation 
by fire is carried out, as is described below. 

Dealing with crade naphtha, this (Ustillate contains cliiefly 
benzene and its higher honiologues, and on treatment and recti¬ 
fication yields principally go’s benzol and 50-go’s benzol. 
Crude naphtha as pumped over from the receivers will contain 
approximately between 4 and 6 per cent, of tar acids and a 
varying quantity of pyridine bases. The tar acids arc removed 
as described in chapter vii. Pyridine bases are not removed 
until just before the rectification process. 

It is preferred by some to submit the crude naphtha to a 
distillation before washing out the tar acids. Others prefer to 
wash out the tar acids before distilling, and it depends on the 
circumstances existing in the works whether tliis is done or not. 


In any case, after the tar acids have been removed it is advisable 
to alkw an hour or two for settling, in order that any entangled 
phenolatc may settle out. The extracted naphtha is then 
submitted to a distillation . ilii^Tua Y be conducted in a fire.- 
Ircateiriitill fitfef)~wit l i a fraiTionating column, or in 
heated still to which a similar annaratus is connecte 


ions mav* be co 
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found by subm itt ing a yOTt[on oTi iie Tristillate as i 
TIxe worm end fo aj;^id dis tillation in a retort in th 
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As soon as tin test sample shows tlm rlmp a t ahimt tta" r 
the dis tiUatf^-iii rlia nged over into the rriifli' stJvfnf- tnnk Th(» 
end of the second fraction is delorniined wlicn llie specific 
gravity of tlie distillate taken, f'*”" "'onn end indicates 
approximately .965 to .970 at 60“ h'ahr. On to the residue in 
the still, other material is often jilaced, or it is removed and 
kept for working up with heavier distillates at some other time. 
The methods of obtaining the change-over points just gdven are 
not always n^sed, and it is sometimes neixssary h) vary these 
according to'tlie lequirements which may obtain in the works. 

The steam- heated sti ll in which this Biijilitliji may be f raetkm.- 
al^juustJxLpnmdeiljyttli airjijeiLMeanLColLjlsiLLsimacssary 
to assis t tlieilistilhitinn with onen staam a fte r a c e rtain pointjs 
re ached . Oonerally, open s*eam is introduced into the still 
when tbe distillate at the worm end. on testing in the laboratory, 
commences to distil at about qy' C.l If, however, high pressure 
steam is supplied to the closed steam tubes, ^le open steam may 
be infrodiiced at a later jieriod., Care should be taken when 
first passing the steam into the still not to ojien tlu' valve too 
wide. If this is done it will generally cause the still to prime 
or. in other words, fill the fractionating column v 'iili the lu-nvior 
m ateria l fion the s till. Inis, of course, is a senous matter, 
and wTlf, iTtt occurs, generally spoil the operation. The valve 
should he opened very gently at first, say about one-quarter ol 
a turn, and then the jiassage of steam gradually increased until 
the still works evenly. When open Steam is introduced, it is 
necessary to pass the distillate, as it comes from the worm end, 
through a divider box, in order to separate the condensed steam 
from the oil. The closed steam is not discontinued during the 
passage of open steam, but it must be regulrted according to 
the late of distillation desired. With reference to washing I 
the distillates for pyridine, this will be dealt with after con-1 
sidcring the iV^t distillations of light oil and light creosote. 

In dealiiie with the light oil fracti on lip s should always h e 
wasTied with ciu sticsoila Ivc to remove any crystallisahle crude 
phcnol7 and3lsriThR rriide. r.rnsylilOiaJwhich it cnnAdns, );^re 

sub mitting it t o a d istillation by fire. Some distillers preItT 
to submit the oITTo a fire distillation before washing ibr tar 
acids, but this method is, in the writer’s qjiinion, a mistake, as 
some ot the tar acids are lost in the bottoms. Details ol the 
methods of washing arc to bo found Ai chapter viii, page 119. 

It is absolutely essential, how'ever. to<listil Ijic light oil by 
fire before passing it along to t he rectification p lant to ohtnii ; ) 
naphthaC This oil, when distilled in the fire still, which should 
m all cases be fltfcd with a fractionating column containing at 
least 15 plates, may be separated into two fractions and a re¬ 
sidue, or one fraction and a residue. The quality of the oil will 
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determine which of tncMu mcuiuus is the best to adopt. If 
the light oil is divided into two fractions, .then the change over 
point from the first to the second fraction is generally deter¬ 
mined when approximately 25 per cent, has come over. With 
a large numljer of oils this point is also indicated when the dis¬ 
tillate at the worm end shows a sjiecific gravity of about .925 
to .928 at ()0° h'ahr. This frajtioii may be termed “ once run 
light oil A." The .second fraction —" once run light oil B ”— 
is complete w.hen tin; distillate at the worm end shpws a specific 
gravity between .990 and i.ooo at 60“ h'ahr. The residue re¬ 
maining in the still is run to creosote, or to special storage tanks, 
to await the recovery of the naphthalene. Should it be nece.ssary 
to remove from the light oil one fraction only, then that fraction 
is complete when the specific gravity of the oil at the wopn end 
is about .980 to .990 at 60° h'ahr. In this case also the residue 
is dealt with as just mentioned. 

For the convenience of the still attendant, his “ change 
over ” jioints, and tinishing ppints, are often given him to read 
at 100° h'ahr. For example, if it is desired to finish the dis¬ 
tillation at a specific gravity of 1.000 at Oo° h'ahr. then the still 
attendant should stop collecting when his distillate reaches 
.980 at 100° h'ahr. Open steam is not used during the distik 
lation of light (ill bv lire. 

It is advisable not to work too many charges through the 
light oil still before submitting it to a cleaning process : ten 
times may be t.aken as a good average. 

The distillate or distillates obtained from the light oil as 
jirst described are now washed free from tar acids, and then 
submitted to a further distillation, either in a fire-heated or 
steam-heated still provided with a fractionating column. In 
this operation the “ once run light oil A ” distillate may be 
separated into one fraction and residue, or two fractions and 
residue. If only one fraction has been distilled qjf the light oil, 
this may be separated into one, two, or three distillates and 
residue. 

In the case of the “ once run light oil A,” if this is separated 
into one fraction, the whole of it is run into the crude solvent 
naphtha receiver, and the point at which the distillation is 
stopped is indicated yhen the specific gravity at the worm end 
reaches about .960 to .980 at 60“ Fahr. When two fractions 
are made, the first one is mixed with the crude benzol and the 
second run to .crude Solvent. The change-over point from thp 
first to the second fraction is determined in a similar manner to 
that given under the working of crude naphtha on page 138, 
and the end of the' second fraction is foifhd as mentioned 
above. Considering a case in which only one fraction has been 
distilled off the light oil, should it be desired to separate this 
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into tliree fractions, then the end of the first fraction is deter¬ 
mined as already ttecribed. Tlie second traction is stopped 
when the specific gravity reaches .940 at Oo'^ Fahr. at the worm 
end, and the third fraction, whiijh is termed crude heavy naphtlia, 
is finished wlien the specific gravity of tlie distillate collected at 
the worm end reaches between .960 and .980 at 60° Fahr. 

The “ once run light oil B '’ distillate, if separated into one 
fraction, is worked until a specific gravity of about .070 at 60° 
Fahr. is rcacjrcd. This distillate is run iijto the cruefe solvent 
naphtha taifk. If, howe\’er, it is desired to collect two fractions, 
then the end of the first is determined when the specific gravity 
at the worur end reaches about .940 at bo “Fahr., and the end 
of the second when a test of the distillate collected as it runs 
from tjie coil shows ,960 at bo" Fahr. The former is run to the 
crude solvent and the latter to tlie crude heavy naphtha receiver. 

The residue in all cases is run to creosoti', or else reserved for 
the. recovery of iKqditlialene. If it is desired to carry out the 
distilfiition just described in a ste^im-heated still, open steam is 
introduced with care shortly after the distillate apjxiars, and 
the supply continued until the end of the operation, closed 
sto im of course being employed throughout the entire distillation. 

The liglit .'leosotes from some tars are not rich enough in 
light oils to warrant a treatment for the recovely of these, but 
in some ca'es it is found that sufficient of the benzene homo- 
logues may exist in the creosote to warrant a distillation for the 
puroose of recovering a fraction from which these materials 
may be obtained. When this is the case the light creosote is 
submitted to a distillation in a fire-heated still provided with a 
fractionating column, and a fraction collected the amount of 
wliich will vary considerably, and the finishin,; point of which 
will have to be determined by the chemist on the works. After 
washing thi' fraction free from tar acids, it is necessary to 
submit'it to a further distillation in a fire-lieated still, separating 
into one or two fractions as is found advisable. The first 
fraction may be .iin to the crude solvent and the second to the 
crude heavy solvent receiver. 

The crude benzol, crude solvent, and crude heavy naphthj 
must be submitted to a wasliing process to remove p^idine 
bases aud impurities. The former subst^pces are of value to 
the tar distiller, and in almost every case are recovered and re¬ 
fined. Before commencing a wash, it is advisable to examine 
the oil, whichever quality it may be, for Aar acj^ls, and if any 
exist they must be washed out. In all cases, before washing it 
is advisable to allow the oils to rest for a time to settle out en¬ 
tangled water. I^ridine is the first of a series of organic sub¬ 
stances which correspond to the general formula CnHan—^5N, and 
it is represented by the chemical formula C5H5N. It possesses 
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basic i)ro]i(Ttii'S and combines easily with raincAal acids, ac¬ 
cording to the following equations.■ . 

(n) C5H5N +HC 1 -('sHsNHCl 
or {h) 2C5ll5N + H,ST», = (Ci,ll5N)2H,S04 

A fuller description of the properties of pyridine and its 
chief homologues will be found jn chapter xiii, pages 166-1C7. 

Sulphuric acid is used in all cases to remove the pyridine 
bases, and the qualify usually employed is ordinary B.O.V,, of 
about iqb" Tw. In one part of the operation it is used as sup¬ 
plied, and. in another part it is diluted. After the pyridine 
bases are removed, a stronger .acid known as D.O. V., of a specific 
gravity of ajrproximatcly* 167° Tw., is employed. It is then 
necessary to wash the oils with water, then with caustic soda 
lye, and finally again with water. 

In all cases two washers should be employed, one in which to 
conduct the acid-wirshes and the other the caustic soda and the 
final water-washes. If the ag'd and soda washes are conducted 
in one washer, there is a great risk of some of the resinous matter 
produced by the action of the acid adhering to the sides of the 
washer suffering decomposition by the caustic sod:i and then 
being dissoh'od by the oil. Distillates from the rectifying still 
off oils to whiih this h.as happened will possess a peculiar un¬ 
pleasant odour and will rapidly go oil colour. 

De.aling first with crude benzol, one method of washing this 
material is as follows : A quantity of B.O.\’. at 14(1“ Tw. amount¬ 
ing to between i J to 2 per cent, of the volume of the oil is slowly 
added to the charge of oil in Ihe washer, while it is under vigorous 
agitation. ThejaeruxLpf-^italiiin niay be.betweeu za minulns 
to half an hoiif. After Jhis timeyhas elapsed tliexantents pHlic 
washcT afe.'aBowed to resrTor about liainin liourj^and. JJigj'rcato- 
part of the substance which settles out, known' as pyridin e acid . 
isJ 5 iitjfflEf;iJ&.'the p.yndme- acid tank. After n-iurthiZSsttling 
of about half aiDiour, any more_pyriclino acid which has separated 
slipuld Tjc. run off, and then about 1 to i per'cent. oT^.O.'V. 
sTowiy added -ta llin oil, with-agitatibn. The tunc occupied in 
agitating in this case may vary from 20 minutes to three-quarters 
of an'hour, but care must be taken that the oil does not become 
tsp_Jlot] After the /igitation it is allowed to settle for about 
10 minutes, and as much of the substance (known as acid-tar) 
as has separated removed.j' The resinification of hydrocarbons 
brought about,by tlu^action of D.O.V. is sometimes considerable, 
and the acid-tar formed often very rajiidly solidifies to a 
“ livery ” mass, which will not flow, and which lias a tendency to 
adhere to the bottom and sides of the washier. It is policy, 
therefore, not to lose anydime, but to remove as much as possible 
before this state sets up. Further settlings of 10 minutes are 
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given, and arty more acid-tar wliich separates is run off. When 
the whole of the acieWtar has been removed—it sliould be notc'd 
tliat this material must not be run to tlie pyridine acid tank— 
the sides of the waslier should-he carefully washed down with a 
spray of cold or warm water. This will settle t(j the bottom, 
and is removed via the catch tank—in which is separated and 
retained any oil which may ^scape from the washei—to a 
neutralising tank, and from the tank to the drains. After this 
preliminary fash, the oil is washed with wafer until the’washings 
arc practically free from acid. It is a good plan not to agitate 
the oil with water when gicang the first .wash, but to spray water 
on to the surface of the oil and let it fall through it to the Ixittom 
of the washer. When the washing is eoinjileted, the oil is 
pumped, or run by force of gravity, into the second washer and 
treated with about to | per cent, of caustic soda lye standing 
at 40° Tw. or thereabouts. The soda lye is allowed to separate 
out, ;^nd then run olf, and after this the oil is washed with clean 
water until the wash waters react neutral to litmus. Af ter a 
thoro ugh settling, the washed on may Tie run direct ihfo.Tlie- 
recMqitlpiy sUll^ or to a storage tanl^ to await treatment, at-a 
laFF diiia. 

TTis some limes found advisable, in fact in the writer’s opinion 
it is wise always, to wash the crude benzol wi*li a little dilute 
B.O.V. l.'eferc adding the This will ensure a complete 

removal of the pyridine bases. This dilute acid may be pre- 
iwi'd by adding one part of B.O.V. to one part of water, and 
the amouid added to the benzol may vary between J and i per 
cent. The total loss of crude benzol by washing varies con¬ 
siderably according to the quality of the oil ; however, a good 
average may be taken as 3 per cent. Some of Tie nude benzols 
cont ain iiiisaturated paraffin hydrocarbons, and these, of course. 
are n^ted up on bv the suhihiiric acid used in the washing, and 
willriatura lli’ yic.rease the amount of loss . 

In the pieparation oh pure benzols ftom a cnide benzol, it is 
often nccessaiy to removL a substance known as thiophene, and 
als.i some oi its homologues. Thiophene is represented by the 
chemical formula C4H4S.' It has a boiling-point of «4“ C.,_a 
specific gravity of 1.07, is colourless, and possesses an* odour 
similar to that of benzene. Concentrated sulphuric acid dis¬ 
solves thiophene, and if the solution is treated with a trace of 
isatin, a dark blue colour is produced. As thiophene so 
closely approaches benzene with reference*lo its Jioiling-point, it 
is practically impossible to separate it by distillation. It is 
therefore necessary to remove it by chemical washing with 
concentrated sulj^uric acid. In order to'do this economically, 
it is wise to submit the crude benzol .to a washing, as just de¬ 
scribed, and then carefully fractionate it and afterwards re- 
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wash the fraction, which represents the once refttified benzol, 
tcvoral times with small quantities of D.O.V. It is essential of 
course to submit the once rectified benzol— after it has under¬ 
gone several strong acid washesr-to a test for thiophene in the 
chemical laboratory. When this test gives a satisfactory 
result, the material may be washed with water and caustic soda, 
and finally with water, as previously described.v>^ 

With relerence to the washing of crude solvent naphtha, the 
process is espentiallv the same as that already ^escribed for 
crude benzol. It is necessary, however, to use a father larger 
quantity of acid, as there is generally a higlier percentage of 
pyridine, b.ases contained in tliis material, and in order to produce 
rectified najfiithas ot good colour. So that tlic finished products 
shall be perfectly free from pyridine and able to pass the Weber 
test for that substance, it is advisable to use some dilute acid, 
prior to adding the strong acid (D.O.V.) used in the final acid 
wash. The followyig is a good metho<I of washing a crude 
solvent, h'or the firsi wash ;i4ld about i per cent, of ll.o'V. at 
146" Tw. and agitate vigorously for between 20 minutes and 
half an hour. After the period ot agitation, allow to settle to 
preci]iitate the jjyridine arid, which is run off to the storage tank 
for further treatment. The second wash of about I.J per cent, 
of B.O.V. is nrtw given, the time of agitation being about the 
same. After the removal of the pyriiiine acid, the naphtha is 
submitted to a third wash with dilute B.O.V. This dilute 
B.O.V. may be prepared by taking one part of acid and one part 
of water, and the amount used should be .about ij per cent. 
Thorough agitation is necessary, and the time should not be less 
than half an hour. This weak .acid wash will completely remove 
all the pyridine. The contents of the wtisher should be allowed 
to settle, and the weak pyridine acid which precipitates run off 
to the pyridine acid storage tank. At this point it is advisable 
to submit a s;im]>le of the naphtha in the washe;- to the Weber 
test. (See chapter xix, page 248.) If it passes this test, a 
fourth wash with D.O.V. is given. The quantity of this acid, as 
a rule, need not exceed more than between J and i per cent. 
IJ: is sometimes necessary, however, to use rather more, but 
circurftstances will have to decide this. The time occupied in 
agitating should not,be prolonged: usually about 25 minutes 
is ample. After this the contents of the washer should be 
allowed to rest, to deposit acid-tar, and it is just as well to run 
this material pff at‘intervals of about 10 minutes. If it is 
allowed to remain too long in the washer, there is a risk of its 
becoming so thick that it will not run through the outlet. The 
acid-tar should not Ire run to the pyridine 4 cid storage tank, 
but to a separate receptaoJe. 

At least ij hours should be allowed for settling before the 
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water washing is commenced, and it is advisable to thoroughly 
wash down the sides of the washer, and also spray the water on. 
the surface of the naphtha, allowing it to fall through it by 
force of gravity, before any water is agitated with the oil; the 
water which separates during tliis ]>roccss is removed before 
agitation with clean water is commenced. Further water 
washes are now given with agitation, wliich must not be too 
vigorous. When the wash watei»comes away from the naphtha 
practically neutral, a short time for settlint’- is allowed, and the 
drainings rcj.oved. The naphtha is then pumpedf, or allowed 
to run by force of gravity, into a second washer for treatment 
with caustic soda lye of about ,35“-4o* Tw, A large amount 
is not necessary, the quantity usually varying between i to J 
per cent. After about .20 minutes’ agitation, the contents of 
the washer should be allowed to settle thoroughly, the lye wash 
removed, and the naphtha then submitted to water-washes as 
already described, it is necessary that clean water be used 
and the last wash-water should come away ’roin the naphtha 
quite neutral to litmus. When ihis is the case, the washed 
crude solvent may be removed to a storage tank or direct to 
the rectification still. 

Many of the crude solvents when washed with strong acid 
deposit an excess of acid-tar, often of a very resinous nature. 
A good method of avoiding this is to submit the'erude naphtha 
to a second distillation before washing with acid, i.c. distilling 
the crude solvent in a steam-heated still, and collecting jiracti- 
cally the whole of it in one fraction. This fiaction, when washed 
in a similar fashion to that just described, appears to give very 
little acid-iar in the final acid wash. There is also a great im- 
p’-iveinent as regards the odour of the rectified material. The 
total loss of crude solvent varies to a much greater extent than 
that of crude benzol ; it may be between 5 and 13 per cent. 

In washing crude heavy solvent, a good deal of discretion is 
necessary. 'I '-iS class of material will contain varying quantities 
of naphthalene, and in the washing, especially with D.O.V,, 
.some of thus mateiial becomes sulphonated and is lost; in fact, 
if not carefully conducted, the loss may amount to as much as 
25 per cent. It is generally necessary to use some D.O.V. if s 
rectified heavy naphtha which will keep its colour when exposed 
to the light is desired. The method of wdShing is exactly the 
same as has already been described! and the average amount 
of B.O.V. used at 146° Tw. is 2J per cent.; o{ dilute B.O.V. (i: i) 

J per cent. ; and of D.O.V. ij per cent. It is*advisable to 
divide the quantity of B.O.V. so that three washes may be given 
with it, and with the D.O.V. two. A wash with caustic soda 
lys of about 35°-40° Tw. must not be_ forgotten, the amount 
used being between | and | per cent., calculated on the volume . 
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of the crude heavy solveni. Water-washes must be thorough, 
?.nd it is absolutely necessary to secure neutrality after the acid 
and soda washes. 

According to English patent 10,066, loth July, 1915, instead 
of giving crude benzol the usua!' preliminary washing with acid 
and soda it "Is distilled direct and the benzol vapour passed 
successively through sulphuric acid (i6o“-i68“ Tw.) and caustic 
soda solution (30°-40° Tw.). * It is claimed that the process 
may be made continuous, that the washing is more effective, 
and that a stihstantiii'l reduction in the amount of-sulphur com¬ 
pounds is effected compared with other imrifieation processes. 

Crude benzol contain^, among other impurities, a fair amount 
of carbon disulpliide, and this objoctionahle substance is, in 
practice, removed in the' process of reclilication, as will be 
mentioned in the next chapter. J. A. Wilson, English patent 
14,152, 6th October, 1915, claims that benzene can be freed 
from carbon disul])hide, before or after rectificatioji or treatment 
with sulphuric acid, by agitating with caustic soda (2o‘ -25f Tw.) 
at a temperature below the l>.)iling-point of the benzene. 

WyAn interesting process for the purification of benzol has been 
recently described.^ The crude benzol is purified by first 
vaporising it by known means and then passing it through 
sulphuric acid and a caustic alkali solution successively, and 
then (after any further desired treatment) condensing the purified 
vapour by known or any convenient means. For this purpose 
an apparatus (see Fig. 6i for a diagrammatic illustration) is ])ro- 
vided which consists of a still R, a dephlegmator S, and analyser 
T, all of known or convenient construction, a compartment for 
sulphuric acid U, a compartment for aqueous caustic alkali 
solution E, and a condenser U. By this method and means the 
purification process may, if desired, be made continuous, and 
the purification is carried out in a single process. 

The compartments I) and F 2 are surrounded by a steam- 
jacket, by which this vessel is maintained at a temperature not 
less than that at which the benzol vajiour enters, to avoid con¬ 
densation of the vapour when within the vessel. The benzol 
first bubbles througli the sulphuric acid, then goes down the 
passage B, and bubbles up through the alkali solution. Baffles 
are provided in the compartments D and E to arrest any liquid 
spray that may be carried by the benzol vapour. 

The concentration of the acid solution is preferably 168° Tw. 
to commence with, and should be maintained as near as possible 
thereat if the'best results are to be obtained, Good results can, 

^ English patent N^. 10,066 of 1913. Gerald L. Moss and Simon- 
Carves By-Product Coke Oven Construction and Working Company, 
Limited, 20 Mount Street,^Manchester. Dale of application, loth July 
1915. 
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however, stijl be obtained with a concentration of i6o° Tw. 
Care should be taken that the caustic alkali solution is not or 
docs not become cf too high a concentration, as, owing to the 
rapid evaporation of the water, sulphite crystals are liable in 
that case to be formed and thus obstruct the clear working of the 
apparatus. A suitable concentration is ;;o° to 40" Tw. 

The pump V maintains a vacuum throughout the whole 
circuit, and the purified benzol is collected in Z. 
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Although the process is described as being carried out with 
the aid 01 an ordinary intermittent still, it will be understood 
that it may be appUed equally to a continuous still, and in that 
case a complete unit may be provided for each fraction. • 

An ingenious method for removing suljrhur from oils by the 
aid of a catalytic agent, and which is applfbable to the purifica¬ 
tion of benzols and naphthas, has been invented by E. V. Evans 
of the South Metropolitan Gas Compan}}.* The following is 
a brief description of it:— * 

The sulphur is eliminated as sulphuretted hydrogen by 

' English patent 22,147 ty't- Edward V. Evans and the 
South Metropolitan Gas Company, 709 Old jfent Koad, London. Date 
of application, Ctli November 1914. 
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heating the oil in presence of hydrogen or gas coptaining free 
hydrogen and a catalytic agent or contact substance. In the 
case of an oil of suitable boiling-point, the vapour of the oU 
mixed with a small proportion of hydrogen (5 or 10 per cent, 
of its volume) may Ix^ ])assed ovef the heated catalytic or contact 
substance anil the sulphuretted hydrogen removed from the 
vapour by absorption by any known agent, or the oil may be 
washed after condensation to thl liquid form. 

The most efficient temperature of working is iir the region of 
400" to 500°‘C.. for Ht this temperature the iron' pipes wliich 
contain tlu' catalyst or contact substance are not destroyed, and 
the velocity of the reaefion is so high that a relatively small 
area of contact is required. Certain oils are. however, decom¬ 
posed at these temperatures, and when this is to be avoided 
lower temjieratures must be emjiloyed. To this end a relatively 
greater surface of contact will be necessary in order to bring 
about a similar effect as at 400“ to 500“ C. It is necessary, 
therefore, to deternnne with each particular oil the maxf.num 
temperature, below 500" ('., at' which the oil is not decomposed, 
and to allow sufficient contact with the catalytic or contact 
substance to ensure that practically the whole of the sulphur of 
the oil is converted into sulphuretted hydrogen. 

The distillation of naphtha from crude coal tai' is cited as an 
example of the apjilication of the juocess. The vapours from 
the still are conducted to a furnace maintained at 450° C., m 
which steel or iron pipes arc contained. A convenient arrange¬ 
ment for these pipes is in the form of a U. The vapours enter 
at the top of one limb and in descending are brought to the 
temperature of the reaction. To enhance this, the limb may 
be packed with non-combustible material. The catalytic 
material is placed in the second limb. Assuming that the rate 
of distillation is 50 gallons per hour, the volume of each limb of 
the U-tubc should be about 7.5 cubic feet. A stream of hydrogen 
or coal gas is introduced at the inlet of the preheating tube or 
tubes and allowed to flow with the vapours at the rate of about 
400 to 500 cubic feet per hour. Only a small portion of this 
hydrogen is actually used, and it is advisable to pump the 
h'ydrogen over in a closed circuit. The sul])hurctted hydrogen 
produced as a result of the decomposition of carbon disulphide 
and sul])hur compounds is washed from the condensed vapom- 
by caustic soda solution, or it may be extracted direct from the 
vapour by means of van oxide of iron purifier kept sufficiently 
warm to prev&t condensation. 

In the case of an oil which cannot be distilled the catalytic 
substance may be introduced into the liquid oil, which is suitably 
heated wliile hydrogen is passed through it, or the heated oil 
may trickle over the catalytic substance while hydrogen is at 
the same time passing over it. 
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TH2 UKCTIFICATION OF BENZOLS AND NAI’HTHAS 


Chemii.il and physical properties of benzene, toluene, anti the xylenc.s - 
fractionation of wnshetl crude benzol— preiiaralion ol «)o's' and so-oo’s 
benzol fractionation of washetl enidlp solvent— preparation of 90 per 
cent, at i()0^ solvent naphtha —])rej»ar.ition ol lieavy najrhtha — 
preparation of 75^ 1'. Hash naphtha—])re]>aration oi CS5® ]•'. flash 
naphtha preparation of coinniental 00 per cent, at 120° C. toluol -- 
preparation of coniniercially ]>iire benzene, toluene, and xyleni— 
^vorks costs. 

Tllli fompositiem of crude benzol and also of crude solvent 
naphtlia varies soincwliat according to the quality and kind of 
tar from which they are recovered, hut benzene, toluene, and 
the threi lenes occur in one or other ol them in consider- 
e.hle quantity, and a brief description ol tile chemical and 
physical properties of these substances will not be out of place 
in liiis chapter. 

Benzene (C^HJ is a colourless, nighly refractive, mobile 
liquid pos'-cssing a peculiar hut not unpleasant smell. Its 
specific gravity at o° C. is o.8qq ; at 15“ C., 0.882 ; at 20° C., 
o.87qi, and at 25 C., 0.876. When cooled in a freezing mixture 
it solidifies to a mass of colourless orthorhoi, ibic prisms which 
melt at S-f*’ C. (corr.). Benzene boils at 80.36° C. (corr.). At 
ordinary temperatures 100 c.c. of water will dissolve approxi¬ 
mately 0.01 ».e. of benzene. According to Kopp its specific 
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heat between 19° and 46° C. is 0.450. It is soluble in alcohol, 
ether, acetone, etc., and is an excellent solyent for resins, fats, 
ethereal oils, and many other organic compounds. Sulphur, 
iodine, and phosphorus are also> soluble in benzene. With re¬ 
ference to the constitutional formula of benzene several have 
been suggested, but those of Kckule and Armstrong have re¬ 
ceived the most support. 4 

Benzepe is a very stable substance, resisting the action of 
all the mild oxidising agents, and even when boiled u'jth solutions 
of powerful o.xidising agents, such as potassium permanganate 
or chromic acid, it is only very slowly acted upon. Dilute nitric 
acid has no action upon it, but strong nitric acid, especially in 
the presence of concentrated suli)liuric acid, attacks it, forming 
nitro-compounds. 

1. C„H,,+ HN 03 = C„H,,.N 02 -t H/). 

2. (•„H,. + 2HN03^C„11,.(N()2)3-(-2H2(). 

Concentrated sulphuric aci'd acts ui)on benzene very slowly 
at ordinary temperatures, but at its boiling-point it is acted upon 
more rapidly, forming benz('ne sulphonic acid— 

c.iL+hLso.^r^H^.so^ii-m/). 

Fuming sulphuric acid converts benzene into benzene disul- 
phonic acid, 05114.(80311)2- 

Chlorine and bromine act ujxm benzene in a very peculiar 
manner. In the presence of direct sunlight, or at fairly high 
temperatures, additive products arc formed, such as hexachloro- 
benzene, C5H3CI5, and hexabromobenzene, CgHjBrg ; but in 
diffused hght and at ordinary temperatures benzene is slowly 
attacked, substitution products being formed, such as chloro¬ 
benzene, C5H5CI, dichlorobenzene, C5H4CI2, bromobenzene, 
CjHjBr, etc. Iodine appears to have very little action upon 
benzene. 

Toluene, methyl benzene, phenyl methane, CjHj.CHj, is a 
colourless, highly refractive, mobile liquid, with an odour some¬ 
what similar to that possessed by benzene. At 15° C. its specific 
gravity is 0.872, at 20° C. 0,866, and at 25° C. 0.8O25. It solidifies 
below—100° C. forming colourless crystals which melt at 
—93.2° C. (corr.). The boiling-point of toluene is iii° C. (corr.). 
With regard to .solvents and its solvent' action it behaves very 
similar to benzene. It largely resembles benzene in its chemical 
properties, differing principally in those which arc due to the 
presence of a side chain (the methyl group). The constitu¬ 
tional formula of toluene is written thus— 
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CH, 

C 



C 

u 


Its bcliaviour witli su)iliuiic and nitric acids rcscmbk-s that of 
benzene in so far as it yields stiljilionic and nitro-derivativcs. 
'Iheso ronipimnds, linwever, exist in three isomeric fonns, viz., 
ortlio, niela, and jiara. For example, mono-mtrolnluol exists in 
three^lorms n'pix ^ented b\' tlu' lollowinj^ conslilntional lormuhe I 



Oiiiio. Mfla. p.ira. 


At ordimiry tempei atnres and in diffused light chlorine and 
bromine ac! •jn toluene, jirodncing snbstitution products by 
displacing the lij drogen oi the benzene ring or nucleus, thus ; 


CH3 CHj 

c c 



Ortho-clUuro-tolucne. 


Ortho-bromo toluene. 
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If, however, toluene is acted upon by chlorine or fironrine at its 
boiling-point, or in direct sunlight, substitution of hydrogen of 
the side chain or methyl group takes place, thus : 



tlilondf. 


Hfii/o-tnbiomiiU*. 


By the strong oxidising agents toluene is converted, with diffi¬ 
culty, into benzoic acid, the methvl-group or side chain being 
oxidised. 


2Cf,? Is.CHj +■ 303 = iCsHj.COOH -h 2H,0. 

1 olucnc, .u id. 


Xylene, dimethyl benzene, exists in three isomeric 

forms, viz., ortho, meta, and jiara. The constitutional formuhe 
of these isomers are : 


HC 

HC 


CH3 

CHj 

CH, 

c 

/\ 
fe ac-CHs 

C 

/N 

HC[g Vh 

C 

A\ 

HC6^ >|CH 

U'" 


HC\yCH 

c 

C 

C 

H 

H 

CH, 


Ortho* xylcnc. 


Meta-.\ylc»e. 


l‘ara-xylcne. 


Some of its phy.sical properties are given in Table XVIIl; and 
in Table XIX, constructed by Professor Ricliurds and Mr C. L. 
Speyers, after making many careful observations, will be found 
some useful constants. 



RECTIFICATION Ob'*BENZOLS AND NAPHTHAS 153 


. • 

• TABLE XVIII 



• 

Specific gnivily 

. 

- 

Solubility in 


Isomer. 

At 0® C. 

Alfi'l'C. 

Mdliiig- 
|Ximt, con. 

) Boiliiig-poiiit. 
corr. 

Watj[r, 

Alcohol. 

lither. 

Ortho 

0.8(>32 

0.876 

- 29“ c. 

• l2j2°C. 

Insol. 

Sol. 

Sol. 

Mela. 

0.88^0 

0.863 

- .yp <-'■ 

si C. 

Instil. 

*Sol. 

Sol 

I’ara. 

0.8801 

O.S59 

15“ c. 

1.17-1,1^ .5 ’ C. 

liisol. 

Sol. 

Sol. 


1 

T.' 

• 

riLib XIX 

llfiisity at 20® 

■ Surface tension , 

Compressi¬ 
bility at 20® C. 

X loH, 

Substance 
• icslcd. ] 

j 

BiiilinR-poml 
i ill Uet-. C. 

! 

t' , mmpaicd 
with watci at 

at 20® C., in ! 
ii#< gramiites 
pci imlliillctrtb 

Orthoxylenc . 

144.0 

0.8811 

3-09 

60.0 

Jletaxylcno . 

139.0 

0.8058 

2.9(1 

<> 3-5 

Paraxyicnc . 

130.2 

O.8011 

2.92 

• 

O5.2 


The three isomeric xylenes arc cu'ourloss liquids possessing 
aromatic odours dissimilar to those of benzene and toluene. 
Their behaviour with concentrated sulphuric and concentrated 
nitric acids is very similar to that of toluene, sulphonic acids 
and nitro-rompounds being formed. In the case of the para 
isomer it is necessary to use fuming sulphuric acid to obtain 
the sulphonic acid. Oxidising agents act upon the three isomers 
with moderate ease forming the toluic and phtlialic acids by 
oxidising, ii. Hit former case one and in the latter case both 
of the methyl groups. Clilorinc and bromine act upon the 
xylenes in a similar manner to the way in wliich they act upon 
toluene. 

The chief products obtained by the rectification of cnfde 
benzol are go’s benzol and 50-90’s benzol, and by a second 
rectification commercially pure benzol, which will yield about 
95 per cent, within J to | of a decree. Crude solvent naphtha 
on rectification will yield a large numbemof products, many of 
which are specially made to the specification of "buyers. There 
are several grades of solvent naphtha, the chief of which is 
known as 90 per* cent, at 160° C. Some of the other grades 
obtained are solvent naphtha yielding 95 per cent, at 165° C. 
or 90 per cent, at 190° C., and also those possessing flash-points 
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of 75° and 85° I'ahr. (Abel’s dose test). Commercial toluol is 
also obtained from crude solvent naphtht,,and, by a second 
rectification, commercially pure toluol and commercially pure 
xylol. Crude heavy naphtha will yield various grades of heavy 
naphtha, the quality, specific gravity, flash-point, and distilla¬ 
tion of which will vary according to the requirements of the 
buyer. 

It is npt possible to give here full particulars as to how all the 
products that, may ba obtained from those materials are pre¬ 
pared, but brief consideration will be given to the method of 
producing smue of the cliief products. 

Dealing with crude benzol with the object of making go’s 
benzol, a charge of washed crude benzol is run into the recti¬ 
fying still and closed steam turned on. When the contents of 
the still become heated throughout, the steam is slackened a 
little and the worm end carefully watched. As soon as liquid 
appears at the worm end, the steam shoidd be regulated,to a 
degree which will allow of the distillate running continuously, 
and not too fast. The material which comes over first from the 
washed crude benzol is termed “ fronts," and contains a con¬ 
siderable quantity of carbon disulphide (CSj). This must not 
under any circumstances be mixed with the tjo’s benzol fraction 
which follows the “ fronts,” but allowed to run into a separate 
receiver for further treatment. When the distillate at the 
worm end reaches a specific gravity of .8qo to .898 at 60“ Fahr. 
the tap on th(' “ fore-runnings ’’ or " fronts ” main is closed, 
and that on the 90’s benzol main ojiened, in order that the con¬ 
densate may run into the 90’s benzol tank. Distillation is now 
proceeded with until a sample collected from the worm end, and 
submitted to a test in the chemical laboratory, does not begin to 
(listil until 100° C. is reached. It is of course necessary to make 
tests in the laboratory from time to time in order to guide the 
Stillman. When the point just mentioned is reached, the flow 
of the distillate is cut off from the benzol tank and allowed to 
run into another receiver. When the distillate collected at the 
worm end is tested in the laboratory, and docs not commence to 
bail until 130° C. is reached, the distillation is generally stopped, 
and the residue either run to a storage tank to await treatment 
with further bottoms,.or on to it is charged some washed crude 
solvent. , 

if it is desired to produce 5o’s~9o’s- benzol, then the 90’s 
benzol fraction, is cut' a little earlier (about the point when a, 
sample from the worm end on testing shows no distillate until a 
temperature of 95° C., is reached) and a fraetj^on collected from 
this point until one is reached at which the distillate, when tested 
in the laboratory, does not commence to boil until about 120° C. 
is reached. This fraction is run to a special 5o’s-9o’s tank, to be 
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dealt with lAer. Sometimes this quality of benzol is made by 
adding to the fractija collected some lighter material. At times, 
however, the fraction itself will yield benzol answering to the 
tests required, i.e. 50 per cent, at 100° C. and go per cent, at 
120° C. The residue in the still is removed to a storage tank to 
await treatment with other bottoms, or else waslied crude 
solvent is charged on to it. , 

With reference to the methods of making go per cejit. toluol 
and also comjnercially pure benzene, tolur#ie, and itylene, a brief 
description is given a little further on. 

'file washed crude solvent is charg»d into an empty rectifi¬ 
cation still or else on to the residue from a distillation of riudc 
benzol. Distillation is commenced liy the use of closed steam, 
and the first fraction is collected until a sample taken from the 
worm end and tested in the laboratory begins to boil at about 
100’ C. This fraction is generally run into the crude benzol 
storage tank for working up with aiiothcj batch. For some 
classes of benzol, however, this Jraclion m.iy be run into the 
go's benzol receiver. It is necessary to introduce open steam 
shortly after the distillation commences, but it is not advisable 
to do this until absolutely essential, and when it is, the steam 
must not be urned on too rapidly. If it is desired to make 
go per cent, at 160° C, solvent naphtha, the «nd of the next 
fraction i-. determined when a sample tested at the worm end 
shovi.s a specific gravity of about .8g5 at 60° Fahr., or, if sub¬ 
mitted to a distillation test in the labo.atory, does not begin to 
boil until 3('o“ C. is reached. It is advisable when working for 
this, and even other qualities of najihtlia, to occasionally test 
the material in the receiver after a thorough stirring up. For 
.nstance, in the case of solvent naphtha, to find what percentage 
is given oft at i 0 o“ C. , in fact, .some stillmen prefer to have their 
tank tested, as the collection of this fraction comes to a close, 
for the precruiage of distillate yielded at ifio" C., rather than 
making tests at the wonn end. It is necessary of course to 
discontinue ruiining the distillate into the solvent naphtha tank 
as soon as the contents of that tank yield 90 per cent, at 160° C. 
when tested in a retort. 

After the solvent naphtha fraction has finished comin|; over, 
the distillate is turned into another receiver. This fraction 
yields what is known as heavy napjitha, and the quality of tliis 
naphtha will vary according to how far the distillation is carried, 
or whether om or more fractions are collected. U it is desired to 
make a very heavy naphtha, giving about Oo per cent, at 190° 
C., then the distillation is finished when a sample at the worm 
end shows a specific gravity of .980 to .990 at Co° Fahr. Other 
quahties of heavy naphthas may be prepared by stopping the 
collection of the distillate at an earlier point. The residue left in 
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the still is either run to creosote or else to a special tank, to be 
worked for naphthalene. , 

If it is desired to manufacture from the crude solvent fraction 
a naphtha possessing a flash-poinf of 75° Fahr. (Abel’s closed test), 
and giving pQ per cent, al 160° C., then the following method is 
adopted. The distillation is commenced and the lighter portion 
is turned into the crude benzol tank, as already described, and 
then a further fraction is collected until a test of the material 
taken froln tlie worm pnd shows no distillate until 130° to 133“ C. 
is reached. This fraction is run into a special tank for re-dis¬ 
tillation, or into the solvent naphtha tank, according to condi¬ 
tions obtaining in the works. The distillation is continued 
from this i)oint until a sansjile collected from the worm end docs 
not begin to distil until about 152" ('. is reached. This fraction 
will give a 75" flash naphtha with a disi illation test as already 
mentioned. The remaining material in the still may be worked 
for heavy naphthas. ^ 

Should it be required to_ manufacture a solvent naphtha 
yielding 90 per cent, at 165° C. and possessing a flash-point of 
85“ Fahr., tlien the crude solvent is worked first of all for the 
lighter fraction, as mentioned above, and then a second fraction 
is taken off, the end of which is determined when the distillate 
at the worm end, on testing in the laboratory, does not begin to 
distil until between 140° and 142° C. Between this point and 
that at which the distillate at the worm end when tested yields 
45 per cent, at 165° ('.. the desired fraction is obtained. The 
residtie in the still is worked for lusavy naphthas as j)rcviously 
described. 

In making these two (jualities of solvent naphtha, a great 
deal will depend ujjon the rate of distillation, construction of 
fractionating column, etc. The slower the rate of distillation 
the larger the quantity of speci.d material obtained from the 
charge. It is a very good plan to collect the faction in, say, 
50 or 8o-gallon drums, as tliis will avoid the risk of .spoiling the 
whole. A sample may be taken from each drum, bulked and 
tested, and then, if necessary, the contents of certain drums may 
be cut out before bulking. 

Commercial toluol yielding 90 per cent, at 120° C. is obtained 
as a rule from crude fjenzol. This fraction is collected between 
the point at which a sample of the distillate, when tested, 
yields nothing until 100° C‘. is reached, and a further sample 
when tested dqes not tommence to distil until 120° C. is attained. 
This point will vary a little according to the quality of the crude 
benzol. 

In the manufacture of commercially pure benzene, toluene, 
and xylene, the method of procedure has to be varied somewhat, 
it being necessary first of all to distil the crude benzol into two or 
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three fractioqg, and then to re-distil thesS fractions. In the fmft 
distillation the crude l)enzol is separated into a “ fronts ” fraction 
in the manner alroafly described, and then a first fraction is 
collected until a test of the distillate leaving at the worm end 
yields nothing until 95° C. is tcached. The second fraction is 
collected between this point and that at which a Sample of the 
distillate collected from the worm end and tested does not begin 
to distil until 120" C. is reachedt A third fraction may be col¬ 
lected, or the residue run to a tank lor distillation with other 
bottoms. 'Jlhe first fraction is submitted * a furtht-r di.stillation 
in a still provided with a dephlegmator. It should be added 
here that if desired the crude benzol ndtd not be washed before 
the first distillation, but the washing be carried out on this fraction 
and the second fraction obtained in*the manner already men¬ 
tioned. In washing like this, less resinous material is obtained 
and generally a better quality of product is secured. During 
the distillation of the first fraction for commcrically pure benzene, 
it is Accessary to keep the water in the deiiklegniator at a tem¬ 
perature of about 60“ I'ahr. It k often essential to separate a 
little forerunnings, “ changing over ” when a sample collected 
at the worm end and tested does not commence to boil until 
80' C. is reached. The process is continued and the distillate, 
and also the contents of the receiver, are tested throughout 
the operation in order to keep the fraction as close as 
possible to the desired distilling range, viz., one which will yield 
05 per cent, within about three-quarters of a degree. The 
finishing point is generally determineu when a sample of the 
distillate collected as it leaves the worm end and tested does not 
yield a drop until 81.5" C. is reached. Another quality of com- 
'uercially pure benzene which drops at 79.5° C. and distils all 
over under 1° is prepared by collecting a fracrion between the 
points at which a sample collected at tiie worm end and tessted 
drops at 79“ C. and another sample which when tested drops at 
about 80.5° (' *Seme manufacturers prefer to collect the distillate 
in 50 or 8o-gallon drums and then test the drums and make a 
suitable mixing. This is a very satisfactory method. Com¬ 
mercially pure benzene should commence to boil at 80.5° C. 
and yield 95 per cent, at about 81.3° C. , • 

The second fraction obtained from the crude benzol is worked 
up together with any residue from the first fraction for commer¬ 
cially pure toluene. Water is allowed to run through the 
dephlegmator until a sample collected the worm end and 
submitted to a distillation shows nothing until‘about 109° C. 
is reached. At this point the distillate is “ changed over ” and 
the fraction just obtained may be worked up with other material 
for commercially pure ben7,ene. The water supply is now shut 
off from the dephlegmator, and that contained in the apparatus 
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allowed to get hot. Clre 'should be taken of coupe to control 
the .steam supply to the still, in order that the distillate, does not 
flow too quickly. The distillation is continued until a sample 
collected at the worm end and tested docs not begin to boil 
until a temperature of 110.5“ O. is reached. Another method 
of working for the commercially pure toluene fraction is to 
commence collecting when a sanqrle taken from the worm end 
and tested commences to distil nt ioq“ C. (or 110° C. or iii“ C.), 
and then,work the still very carefully until the distillate as it 
leaves the worm end*:eases to yield 95 per cent. «4'itlun 0.8 of 
a degree from tlie chosen collecting point. The distillate may 
be collected hito one tank and frequently tested, or, better, in 
drums which arc dealt with as described under commercially 
pure benzol. Commercialty pure toluene may also be manu¬ 
factured from 90 per cent, toluol by a similar method to that 
just described. It should eommeiice to boil at 111“ C. and 
yield 95 per cent, at about 111.8" C. Some buyers demand a 
grade wliich drops at 109“ C. and yields 95 per cent, at 110° C., 
others one whidh drops at 109.8“ C. and yields 95 per cent, at 
110.8“ C. 

Commerci.ally pure xylene is obtained from the residue left 
from the distillation of pure benzene and pure toluene. These 
bottoms are worked up in a still provided with a dephlegmator, 
but almost alt the water in the dephlegmator is removed so that 
the remainder will be converted into steam. The fraction col¬ 
lected for pure xylene comes over between the point at which a 
sample collected at the worm end and tested in the laboratory 
does not distil until a temperature of about 136.5“ C. is reached, 
and that at which a further sanqfle when tested shows no dis¬ 
tillate below about 139“ C. These imiuts will vary a httle 
according to the grade required. This product is a mixture of 
ortho-, meta-, and para-xylenes, and varies a little in test. A 
frequent requirement is, boiling-point 136.5° C., 95 per cent, 
ofi at 139.5“ C., and another, boiling-point 136“ @., 90 per cent, 
off at 139.,5“ C. and 95 per cent, off at 140.5“ C. 

In making these pure products, great care is necessary as 
regards the speed at which the still is worked. The steam supply 
must be so regulated that priming does not take place. The 
water which is passing through the dephlegmator must be kept 
at a constant temperature. It is necessary that the material 
should be thoroughly washed with acid, etc., before placing in 
the still. The best results are obtained it the still is provided 
with high presnre closed steam, so as to reduce the employment. 
of open steam to a minimum. 

For the guidance, of the student the iollowing average 
figures showing the cost of labour, chemicals, and steam to pro¬ 
duce I gallon of rectified riiaterial are given. It must be clearly 
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understood that figures like these will •vary in different works 
according to local conditions, state of the chemical market, 
etc. To produce i gallon of go’s benzol, o.48d.; i gallon of 
go per cent, at i6o° solvent naphtha, o.sOd.; and i gallon of 
heavy naphtha, o.sgd. 



CHAPTER XII 


PLANT F0§ THE WORKING UP OR PYRIDINE FROM PYRIDINE ACID 

Pyridine acid taiiKs—egg- neutralised pyridine acid still--condensing 
cod and tanjt- pyndme jVtatcr receiver and drying tank—caustic soda 
tanks -lime sluny tank—]>yndine rectitying still - fractionating 
column—condensing coil and lank—still “ iKittoms ” tank. 

The plant required for tlie working up of pyridine acid for jjyri- 
dine will be dealt with under two heads, viz. : {a) That required 
for the manufacture of crude pyridine, and (b) that for the manu¬ 
facture of rectified •pyridine. Dealing with the plant lop' the 
manufacture of''crude pyridine, there arc several methods in 
vogue. One of these is lo manufacture the crude pyridine 
during the process of making anrmonium sulphate. This process 
requiri-s a plant similar to tliat used for the manufacture of the 
latter material, as far as the still, liming apparatus, saturator, or 
cracker box, etd'., is concerned. The cracker box is charged 
with diluted and clarified jiyridine acid ot a strcngtli of about 
,10“ Tw. instead of diluted B.O.I'. A connection is fitted to the 
cracker box to conduct away the aqueous pyrirhne vapours that 
distil off owing to the beat of chemical reaction between the 
ammonia and the sulphuric acid, wliich is in loose combination 
with the pyridine bases. These vapours are conducted to a 
suitable condensing coil, and from there to a pyridine water-tank, 
and the poisonous non-condensible gases are conducted away 
for treatment by one of the approved methods. The weak 
pyridine water is allowed to rest, any oil which separates 
is skimmed off, and the pyridine water is then distilled until 
about onc-tbird of its volume has been collected. From this 
point the plant and process resembles that described in this 
and the following chapter. 

Tor the working up of pyridine acid by a more general process 
than that just described, the following pieces of apparatus are 
required : Lead-lined woodcir tanks lor the dilution of the pyri¬ 
dine acid; a large egg ; a still constructed of wrought-iron or 
mild steel and provided with suitable fittings ; a condenser coil 
and tank ; a pyridine water receiving tank ; a pyridine springing 
and drying tank ; one or more caustic soda tanks ; a lime mud 
tank; and .suitable staging, tackle, etc. 

The lead-lined tanks, oV tanks for dealing with the pyridine 
160 
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acid, may lx- gf any suitable shape, and constructed of wood or 
mild steel lined with, say, 5 U). or 7 lb. chemical lead. If con¬ 
venience will allow, they should be fairly deep, in order to render 
easier the skimming off of the resinous matter '"Jiich comes to 
the top during the process, TheY may be erected on the ground 
level, and provided with a connection near the bottom for run¬ 
ning oft the clear pyridine acid into the egg. 

The egg may be constructed trf wrought-iron or mild steel, 
and, if desired, lead-lined. In the wncc’s experience a mild 
steel egg has ]w oved quite suitable, and verylittle corrosion seems 
to take place, provided it is well drained and steamed out after 
each opeiation. Tlie size of the egg will*vary a little, according 
to the bull of material which has to^ pass through it : but a. 
good average capacity is 400 gallons; It should be provided 
with a pressure gauge ; safety-valve; a i-inch air inlet; a l-inch 
steam inlet : a 2-inch outlet-pipe, which di])s into a small dish 
made in the lower ji.irt of the egg and almost touches the bottom ; 
a 2 inch pyridine acid inlet ; and at the bott'.m^n one end a 
l-inch drain-piiie and valve. * 

In order that the diluted pyridine acid may run into the 
egg by force of gravity, this ])iece of apparatus should be erected 
just iielow ground level. It 's advisable to dig a sump deep 
enough to allow tor a three-gallon bucket to be placed below 
the diain-pipe. The hok' into which the egg Is placed, and 
also the supiji, should be brick-lined, and just sufficient space 
allowed in order that the sides of the apparatus may be in- 
Bjjccttd : about 4 inches clearance is sufficient. It is advisable 
to keep this piece of ajijiaratus just off the bottom, supporting 
it at intervals on non-absorbent bricks which have been treated 
w'l'h an iron protective compound. It is a good plan to coat 
the whole cf the outside of the egg with a bituminous iron 
protective paint, to prevent rusting. 

For the distillation of dilute and neutralised pyridine acid, 
a still (Fig. t)2) constructed of wrought-iron or mild steel plates, 
about ^-inch thick, is quite suitable. The bottom of the still 
should be dished or, better, of the shape of an inverted cone. 
At the bottom of the dish or the apex of the cone .a T2-inch 
treacle valve or gate valve should be fitted. It will be fsuncf 
that a still with a cone-shaped bottom will discharge the lime 
mud easier than any other shape. The dome of the still is 
construe! ed with a slight rise. On •the centre of the dome is 
fitted a cast-iron swan-neck stool and swan neck. If desired, 
however, a 3-inch wrought-iron pipe may be usefl instead of 
the swan neck and swan-ncck stool for the purpose of con¬ 
ducting the vapours to the condensing ccfil. A manhole 18 
inches by 12 inches and a draw-up lid ^should be arranged for 
on the dome of the still. The charge-pipe will enter the dome 



i62 


COAL TAR DISTILLATION 


of the still and sliould project a little on the in;idc; close to 
the point of entry should be fitted a cast-iron gland cock. A 
steam-pipe also enters the dome and runs almost to the bottom, 
, where it is connected to an ojien steam coil. This coil will have 
to be arran.ecd according to tlic shape of the bottom; it is 
vmi m advisable to place it as near 

rp: y —j the bottom as possible, and 

. sSa I 

fr^ mm arrange for two laps. The 
^ diameter of this coil and the 

.steam-pipe supplying it will 

— ’ vary accorthng to the size of 

the still. As a precaution, a 
small safety-valve of suitable 
type may be fitted to the still 
• dome, or to the swan neck. 

In order to wash awav any 
lime slurry which may^ lodge 
on the bottom, particularly 

_ near the steam coil, it is as 

. . welt to provide a i-incli or 

11-inch water supply, to which 
m:iy be connected a i>iece of 
flexible hose. After the still 
has been discharged and is 
cool, waiter may be played by 
means of the hose through 
the manhole, and by this 

„- means the still can be 

\~ ~ 7 thoroughly washed out after 

's. "T / each operation. 

s, __ / Connected to the vapour 

\ U pipe of the still is a con- 

\ ^ / denser coil, composed of a 

\ number of laps of wrought- 

lliii —I —I’d’>f> circular in plan, 
tf t I rin **” **** This coil will vary in diameter 

^ ' ' according to the size of the 

l- 10. 6!. - Slill for llio r)isim.iUon of Nculraliscd j]J j,, ^J,jch it is fitted. For 

‘_ instance, a still of a total 
capacity of about 1500 gallons would require a condensing 
cod ol 3 inches in- diameter and about 150 feet long. The 
distance between each lap should not be less than 4 inches, itl 
order to allow a free circulation of water, and the distance 


between the edge of the condenser coil tdhk and the outside 
edge of the coil should bo about 6 inches. A cylindrical wrought- 
jron tank constructed of |-inch plates is used to contain the 
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coil. This tcftik is pro\’ided at the top with a water outlet and 
a water supply pipe,, which" should reach to witliin about 2 
inches of the bottom. The end of the condenser coil may be 
put either through the bottom.or the side of the tank, and is 
connected up* to a delivery direct into the ]>yridi(ie water re¬ 
ceiver. It is as well to place at the bottom of the condenser 
tank a l-inch drain tap, in order Jhat the water may be removed 
if the tank or the coil require repairing. , 

For the C('ller.tion of the pj'ridine wates which runs from the 
condenser coll, a square, cylindrical, or rectangular tank may 
be used, according to convenience. This tank may be constructed 
of wrought-iron or mild steel plates, and should be covered in 
at the top with a wooden cover, whith can be easily removed. 
It should be provided with a 2-inch run-off tap. In many 
cases it is convenient to use this receiver for the purpose of 
separating the pyridine from the water and afterwards drying 
it. If it is not convenient to do this, then j further tank will 
be required. This tank will of cttfirse have to lib connected to 
the receiver and provided with two 2-inch run-off taps, one for 
the removed of sjrent soda and the other for dried pyridine, and 
also :in inlet ])ipe to convey caustic soda to the contents of the 
tank during tl e drying operation. It may be con.structed of 
mild s'.eel plates, or of wood, lead-lined. * 

In the jirocess of drying pyridine, strong caustic soda lye is 
reqtrii .'d, and it is neei'ssary to jrrovide a tank for holding this. 
A further tank will be required, into wlricrr the dihrte caustic soda 
lye may be nm after the operation. 1 f solid carrstic soda is used 
to prepare the strong sohrtion, then the strong lye tank must 
be provided with a grid, the bottom of which rnu.st be just 
c vered with water when the tank is, say, three parts full. This 
grid is requrred to support the split drum of solid caustic soda. 
Tire process of dissolving will go on mechanically, especially 
if a small open steam coil is placed in the tank and the water 
warmed. Sorrte manufactrrrers prefer to use hqlrid caustic 
soda of go° T\\. If this material be employed, then it is not 
necessary to place a grid in the strong lye tank, as this quality 
of soda may be run out of the drums into the tank." In ordes 
to transport the strong caustic soda lyc into the pyrtdinc 
drying tank, an egg or blow boiler is required (some prefer to 
use a prrmp, but this plan cannot Ije recommended). If con¬ 
venient. the weak pyridine acid egg may be employed for 
thrs purpose. If this method is not convenient, then a rather 
smaller egg may be put in. 

A tank is requy'ed into which the lime slurry from the 
pyridine still may be run after the completion of an operation. 
This tank should be placed immediately underneath the still, 
and should of course be of sufficient size to contain easily the 
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whole discharge. As this slurry is generally verj' wet, and a 
certain amount of water is dropped on to it during the washing 
down of the still, it is a good plan to build into the tank a filter 
bed, similar to that described ,in the manufacture of caustic 
soda (chapter vii, page 104). This will materially assist in 
the separating of the water from the slurry. The slurry is dealt 
with in a very similar fashion fo the lime-mud from the causti- 
cisers, and should it be necessary, owing to circumstances, to pro¬ 
duce a very ..tiff mud before removing from the worjes, then a cen¬ 
trifugal machine may be required to deal finally with'f he material. 

With reference to tb.' position of the various pieces of plant 
described, it is necessary that the still be erected of sufficient 
height to allow the condem.er coil and tank, and also the pyridine 
water and drying tanks, being placed above ground level. The 
pyridine drying tank should be of such a height from the floor 
that drums, carboys, or barrels may be filled from it by force of 
gravity through the run-oli tap. The lime slurry tank may 
be phaced on the ground level, or a little above it, according 
to convenience. The caustic soda tanks should be on the ground 
level, and the egg, if one is put in for dealing vith the cau.stic 
soda lye, should be placed in close proximity to the tanks and just 
below ground level. Over the caustic soda tanks and the pyri¬ 
dine drying tac.k a runway should be placed, on to which a 
chain block and ])ulley is fitted for the purpose of hauling up 
caustic soda drums, etc. Necessary staging, made of wood, 
may be erected round the tanks for the convenience of the 
workmen attending the process. Fig. 6j shows diagrammati- 
cally one method of arranging the jdant. 

For the rectification of crude dried pyridine, the following 
are the chief pieces of plant required: A wrought-iron or mild 
steel still with fittings ; fractionating tower ; condenser coil 
and condenser tank ; receiver or receivers (some prefer working 
into small drums or carboys), and one or more bottoms tanks. 

The still may be constructed of J-inch plates. The bottom 
should be concave and connected to a channel plate in a similar 
manner to that described under tar stills. A suitable run-off 
or ta,il pipe is fitted to the still for the discharge of bottoms. 
The dome of the still should have a slight rise, and in the centre 
of the same a swan-neck stool and swan neck should be fitted. 
A charge-pipe is connected to the still at the top, and it is also 
provided with a manhole and draw-up manlid. It is advisable 
to fit a safety-valve to the still. The still settings, flues, fire¬ 
place, etc., are built in a similar fashion to that described under 
tar stills; but it must be borne in mind th^ the top of the flue 
should be just below the level of the liquid left in the still at 
the finish of the operation, otherwise there is a risk of the still 
plates getting burnt. 



PLANT FOR THE WORKING UP OF PYRIDINE i«5 

, # • 

Connected with the swan neck is a small fractionating tower 

or column. This tower may be cylindrical in shape and built 
of wrought-iron. Inside the column a series of perforated 
plates are fitted. The number of these plates need not be 
large, say between lo and 15. One constructed on^ similar plan 
to that shown in Fig. 58 will prove quite suitable. The column 
is provided at the bottom with a U return pipe, which is led 
into the still, and at the top with a vapour pipe which is con¬ 
nected to the condenser coil. 

With reference to the condenser coil, this is best constructed 



Fig. G3.—Di, 'raimnatic Illustration of Otu- MHliod of .uTiiiigmti a Rci»v«'ry Plant for 
Cnuie PynJino. 


of lead. It should be properly stayed inside the condenser 
tank, which 'S constructed of wrought-iron. The usual water 
supply and outlet arrangements and drain tap are fitted to the 
tank. The end of the coit is connected to a small observation 
tank, which may be constructed of wood and lead-lined, and 
provided with an outlet, which may lead to receivers, or through 
wliich the distillate can be run into carboys or drums. * 

Tanks for the storage of still bottoms may be constructed of 
\yrought-iron or mild steel plates, aijd built of any suitable shape. 
They -.hould of course be covered, and provided with a manhole 
and lid, charge-pipe, discharge-pipe, and Mr outlet. The latter 
is necessary to let out the air when running in the bottoms. 
These tanks may Ije placed in any suitableiposition near the still, 
according to convenience. 



CHAPTER XIII 


THE RECOVERY AND RECTIFICATION OF TYKIDINE EASES 

• n 

('licinical and ]diy.sical ])ro])criics of tlio chief ]>yridinc bases—diluting and 
distillation, ol pyridine,at id -recovery ol crude jiyridine bases from 
pyridine water—details of an actual working— drying crude pyridine 
bases—rectifying ilrieil crude pyridine bases -preparation of yo per 
cent, at 1.10“ C. pyridine Ijftlses and also heavy base;—yield of jiyndine 
bases from coal tar fight oils. 

Pyridine bases as recovered from coal tar consist of a mi.x- 
ture of aromatic leases corresponding to tlie general formula 
(inlljii—5N, of wliich the cliief are ])yridine, picolines, hiti- 
dines, and collidines. 

Pyridine, C5H5N, is a colourless, mobile liquid, possessing a 
jieculiar unpleasant odour. Its specific gravity at 0" ('. is 
1,0033, at 1,5° C. 0.98,5,5, and at 25° C. 0.970. It forms colourless 
crystals which n'elt at less than —ioo“C., and it boils at n6° C. 
(corr.). In water, alcohol, and ether it is soluble in all pro¬ 
portions, and it turns red litmus blue. Pyridine is represented 
by the following constitutional formula: -- 


CH 


HC 


HC 


CH 


CH 


N 


It is very stable towards oxidising agents such as nitric and 
chromic acids, even when boiling, and is only with difficulty 
attacked by tlif. halogens. If heated to 330° C. with a mixture of 
concentrated nitric and sulphuric acids, /8-nitro-pyridine is 
formed, in the shape qf colourless, needle-like crystals possessing 
a melting-point of 41° C. and boiling at 21^ C. Boiling with 
concentrated sulphuric atad yields a sulpho compound. 

Pyridine' is a strong tertiary base, and it forms crystalline 
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salts with on(f equivalent uf a mineral acid such as the sulphate, 
(C5H5N)2,H2S04, and the Hydrochloride, CsHuN.HCl. • With 
platinum chloride il forms a double salt, ((',,,HjN,HCI)2PtCl4, 
wliich crystallises in orange yeljow needles, melting at 240° C. 
and dissolving with ease in water. On prolonged boiling this 
solution deposits a very sparingly sfduble yellow salt of the 
formula (C5H5N)2PtCl4. Pyridine reacts with methyl iodide, 
forming pyridine methiodide, tyijN.CH,!, and, like ammonia, 
it blackens ne’rcurous chloride. When pyridine is»ii(lded to a 
solution of ferric chloride it gives a precipitate of ferric hydrate. 

The three picolines or methyl pryiduies, CH3.r5ll4N, possess 
many properties in common with pyridine. They are represented 
by the following constitutional formui;e :— 



a I 




/i-piutlmc. 


■y-picfiluic. 


' nc first or a-picoline has a specific gravity oi o.g0i3 at 0° C. 
and of 0.952O at 10° C. It boils at 133.5“ F. (corr.), and 
is o.'ddised by potassium permanganate to picohnic acid, 
tbHjN.ttCOOH. The /f-picohne possesses a specific gravity of 
0.9762 at 0“ C., and it boils at 143.5“ C. On o.\idation it yields 
nicotinic acid, CjHjN./S.t OOH. The last of these isomers, 
y-picoline, has a specific gravity of 0.9742 at 0“ C., it boils at 142.5- 
144.5“ C., and on oxidising is converted into isoniootinic acid, 
C5ILN.7.COOH. . * 

There are six isomeric dimethyl pyridines or lutidines 
(CHgljCy-IjN, the cliief of them being a a lutidine, having a 
specific gravity of 0.9467 at 0“ C, and boiling at 156“ C. (corr.); 
2.4 lutidine, with a specific gravity of 019493 aj; 0“ C. and a 
boiling-point of 157“ C. (corr.), and 2.6 lutiine, possessing a 
specific gravity of 0.9420“ at 0“ C. and bailing at 142-143“ C. 
(corr.). ■ * 

The isomeric trimethyl pyridines or.collidines are represented 
by the formula C5H2(CH3)3N ; and i .3 .5 collidine possesses a 
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specific gravity of 0.917 at 15° C., and it boils at 172° C. (corr.). 
The I .3 .4 isomer boils at i65-ifi8'' C. (corr,). 

The pyridine acid as it is run off from tlie liottom of the 
washing tanks contains, in addition to jiyridinc bases, oily 
and rcsinou.s substances, and it is necessary to sejiarate these 
substances liefoic the pyridine can be recovered. This is done 
by adding clean water, with tiiorough stirring, and the amount 
added is, as a rule, about the same bulk as that of the pyridine 
acid. Some prefer t»'' work to a specific gravity, ,and if tliis is 
(lone, it will vary between 40“ and 45° Tw. It should be borne 
in mind that unless sufficient water is added, some of the oil 
and resinous matter may be retained in the pyridine acid, and 
if this does happen, the whole batch of crude pyridine will be 
spoilt. It is far better to slightly over, than under, dilute the 
pyridine acid. A point worth bearing in mind is that some¬ 
times the first wash water (alter the acid washes) from the benzol 
and naphtha may .contain some pyridine bases, and iherefore 
this water may be used with advantage to dilute the pj'ridinc acid. 

After the addition of the water, and a thorough stirring, 
the contents of the tank are allowed to rest foi some hours. 
It is advisable, if it can possibly bo managed, to allow the con¬ 
tents of the tank to rest overnight; the longer the. period of 
rest, the moro'complete the separation of oily and resinous 
matters. When these substances have completely separated, 
they are skimmed off the siibnatant clarified pyridine acid. 
Should the mass be heavy and resinous in nature, it is usually 
burned at the steam boilers. If, however, it is oily and will 
flow, it may be mi.\cd with creosote oil, or if it appears to be 
composed to a large extent of unaltered benzene hydrocarbons, 
then it may be mixed with crude oils. If it is mixed with creosote 
or crude oils, care must be taken that no acid liquor is removed 
with it. 

It is wise to submit a sample of ])yridine acid to a test in 
the laboratory to see whether it is saturated with ])yridine bases. 
If it is not, it may be used as a first wash on a fresh oil, after it 
has been diluted a little, and the oily and resinous matter 
s.kimmcd 6ff. By this means a further quantity of pyridine 
bases' will be taken up and gener;illy a complete saturation 
obtained, at the same time very little oily or resinous matter 
is picked up. Pyridine acid of this nature must, however, be 
put through the same process of dilution as that already de¬ 
scribed before workifig up for the recovery of bases. 

A useful point to bear in mind is that the condensed water 
from a steam distiUation of once-distillecl light oil contains 
some pyridine bases. When it is convenient, this water should 
be used to, dilute the pyridine acid. The following details of 
an actual distillation will illustrate this point:— 
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Oncc-dis'tilled light oil charged into the still and submitted to 
distillation by steam, the vMume being 1200 gallons. 



Rate of (iisullation. 

I’vndinc liases 


Water 

Oil. 

* HI WdtOl. 

Hour. 

liall. per lioiir. 

(1.1II. pet hour. 

Per Cent. 

1st 

I 

100 


4th 

25 

75 .- 

. 1-5 

qth 

45 

50 

0.65 

12 th 

55 

^0 

4 

trace 


Volume of i)yridine bases in the bulked water, 2.73 gallons. 

Amount of pyridine bases removed from the oil by water, 
0.238 per cent. 

The clarified pyridine acid is run froip the bottom of the 
diluting or treatment tank intp the acid egg? In the mean¬ 
time the still is charged with a quantity of quicklime. The 
quicklime is slaked while in the still, and the mass thoroughly 
boiled up with open steam, the manlid of course being closed 
prior to the boiling operation. When the hme-milk is thoroughly 
heated, the pyridine add in the egg may be hF)wn into the still. 
The pyridine acid should not, under any circumstances, be 
intioduced into the still first, as owing to its more or less 
achJ nature, it is apt to act upon tue metal, and also as the 
reaction 'vitb lime commences at once, the addition of this 
material last will make the operation obnoxious and may 
result in some loss. It will generally be found that the dis¬ 
tillation commences almost as soon as the contents of the egg 
ha\'e been discharged into the still, and on this account care 
must be taken when introducing open steam into the still, 
otherwise ibcre is a risk of blowing over some of the contents 
into the rod and receiving tank, ft must of course be remem¬ 
bered tiiat the water flow through the condenser tank should 
be started before charging the pyridine acid on to the lime- 
milk. Immediately the acid egg is discharged it is advisable 
to open the drain cock and thoroughly drain, and their cleanse 
by blowing open steam into the egg for n short time. 

The rate of distillation is controlled so that the distillate 
(which consists for some considerable part of the operation 
of a solution of pyridine bases in watei^ flows, from the worm 
end in a stream about the thickness of three fingers placed 
together. This ^stillate should leave ithe condenser coil at 
the beginning perfectly clear, not cloudy. There are times 
when a slight cloudiness appears, which clears up in, say, about 
ten minutes. If, however, the cloudiness persists for any 
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considerable length ol time, then it is an indication that an 
excess of oily matter has got into the still with the pyridine 
acid. In a case like tliis, there is nothing to do but finish 
the distillation and recover the pyridine, as will be described 
shortly, dissolve it in dilute acid, and allow the oil to 
separate and then skim off, after which the clarified pyridine 
acid will have to be submitted to another distillation. Towards 
the end of the dis( illation, it will be noticed that the distillate 
leaves the wQnn end cjoiidy. This cloudiness is nqt due to oily 
material, but to heavy pyridine bases which are not soluble 
in water. These bases are worth recovering, but are not so 
valuble as the soluble ones, and the distillation is continued 
for some little time after th-,' ajipearance of the cloudiness which 
indicates their presence. The. best method of obtaining the 
point at which the distillation should be discontinued is to 
examine by a rough test a sample of the distillate as it leaves 
the worm end for the perrentage of pyridine bases. This test 
is carried out ao follows. Twp hundred c.c.’s of the distillate 
are run into a separating funnel and “ sprung ” with about 8o 
c.c.’s of 90’ Tw. caustic soda. After a short rest the under¬ 
lye is removed and a further quantity of 90° Tw. causlic soda 
(about 50 c.c.’s) added. The lot is well shaken, allowed to rest, 
the under-lyc removed, and the bases run into a graduated 
measure. 

If it is desired to recover all the heavy bases possible, then 
the distillation should cease when about | per cent, is present 
in the distillate; otherwise the operation is brought to a close 
when I per cent, of bases are present in the distillate as it runs 
from the worm end. The length of time which a still may run 
between 1 and i per cent, is .sometimes considerable, and it 
may cost in many cases more for steam, etc., than the heavy 
bases which are recovered are worth. In addition to this, there 
is such a large volume of water distilling into the pyridine 
water tank that a very considerable amount of soda will be 
required to throw the whole of the pyridine bases up, and this 
will result in a very weak recovered caustic lye, which may 
require concentration before it can be used in the works for any 
other purpose. With further reference to this point, some 
distillers prefer to coUeet heavier bases in a separate tank and 
spring them separately wifh soda. Throughout the whole 
operation the distillate should leave the worm end at a tempera¬ 
ture below 75° I^ahr. • 

Details of an actual working will no doubt be of use to the 
student. 1 

Charge of diluted and clarified pyridine acid into still, 350 
gallons. Distillation commenced at 12 noon. Pyridine bases 
in distillate ekiraated with 90° Tw. caustic soda lye. 
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PeiccnUiRC of bases inft Averase rate 
distillate jft worm end. of distillation. 


Remarks. • 


12.15 

12.30 

1.00 
2.00 
3.00 
:i -45 
4.00 



48 

4 .i 

31 

10 

4 

2 

^1.03 dried 
Ijascb 


110 gall, 
per hour 


« 


Heavy bases ap¬ 
peared at 1.30 p.m. 
At 3 p.m. 3q2 galls. 

distillafe collected. 
At 4 p.m. 400 galls, 
collected 


It is advisable to discharge the contents of the still through 
the gate valve at the bottom into the tanlc underneath very 
shortly after the operation of distillation is*iini»hed. If this is 
not done, there is a tendency for the lime residue (tliis consists 
chiefly of a mixture of calcium sulphate and unrcacted-upon 
linre) to settle on to the still bottom and sides into a dense mass 
which is :litli ult to rcmo\e. As soon as possible after the 
discharge oi the lime mud, the manhole shouljJ be opened and 
the sides and bottom of the still washed down with cold water. 
The mud, .ifter draining by filtration or any other method found 
suitable in the works, is cither taken 10 a “ tip ” or got rid of 
in any other convenient manner. 

With reference to the quantity of lime required lor a dis¬ 
tillation of clarified pyridine acid, this will vary somewhat 
•ccoiding to the amount of sulphates of the bises present. It 
IS as woU to submit a small quantity to an examination in the 
ehensical laboratory for the amount of sulphuric acid, and then 
calculate tin- quantity of lime required for ncutraUsation. A 
slight c.xccbs over this quantity is generally added. As a guide 
500 gallons of clarified pyridine acid, at a strength of about 
40° Tw., will require 1600 lbs. of Buxton hme. The writer, 
howcv^cr, strongly advises a laboratory test to b& made each 
time, rather than working by rule of thumb. • ' 

The weak pyridine water in the wiceiver will contain a 
varying quantity of pyridine bases. Average amounts range 
between 35 and 40 per cent. Tlus pyridine is recovered in most 
works by the addition of caustic soda of moderatqjy high specific 
gravity. Pyridine bases are not soluble to any appreciable 
extent in solutions of caustic soda above 3q° Tw. It is therefore 
necessary to- use ef strength of caustic soda sufficiently high to 
yield an under-lye of a strength not less than 30° Tw. or 1.15 
specific gravity at 60° Fahr. A good strength to use for the 
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separation or springing of the pyridine bases frPm the water 
is between 45° and 50° Tw. While'adding the caustic soda lye, 
the contents of the tank should be thoro'ughly agitated, and 
when this operation is finished, a period of resting of, say, one 
or two hours .should be allowed.’ The weak underdye may then 
be run off into a storage tank for further use, say for the re¬ 
covery of cresylic acid or phenols, or it may be concentrated 
or reinforced with solid caustic*'soda to raise its strength. The 
pyridine ‘wltfch has separated will yet contain water, and it is 
necessary on this account to dry it. 

The pyridine bases.are considered as sufficiently “dry” 
when they contain not more than 4 per cent, of water. The 
drying process may reii^ire several treatments with strong 
caustic soda, but in all cases the last operation should be con¬ 
ducted with a caustic soda lye of a strength of not less than 
()o° Tw. In the writei's o]iinion caustic soda for use in the 
drying operations should not be weaker than 60° Tw. for a 
commencement. l*t is not possible to give any definite figures 
in connection with the volume required to dry pyridine bases, 
but these quantities can be found quite easily by carrying out 
rough laboratory tests on a given quantity of the bases. If 
50 c.c.’s are taken in a 100 c.c. test mixer, and small quantities 
of caustic soda.of the strength it is desired to use are added, 
shaking after each addition and allowing to settle until a point 
is reached where a further addition of the caustic lye shows no 
further shrinkage of the pyridine bases, then from the amount 
of caustic soda reejuired to reach tliis i>oint the volume necessary 
to dry the bases contained in the treatment tank can be obtained 
by a simple calculation. 

In a works where the COj process for the recovery of phenols 
is in use, the pyridine may be conveniently sprung or separated 
from the water by the use of soda ash (58 per cent, alkali). It 
must be remembered, however, that the separated pyridine 
cannot be dried with this material. The under-lye of soda ash 
solution can be used for reinforcing the spent liquor (impure 
carbonate of soda solution) obtained from the reaction tower 
before it is cauticLsed. (See Chapter viii, page 116). 

This undcr-lye may also be causticised after diluting to a 
strength of about 23° Tw. and then used in the COj process or 
else concentrated and used_ on the pyridine plant. The soda 
ash should be added in the dry state, and after each addition 
of, say, a coujjle of bandred pounds, the tank contents should 
be very thoroughly agitated. It is necc.ssary to continue 
this agitation until the whole of the ash has dissolved, after 
which the contents are allowed to rest to enable the “ sprung ” 
pyridine to rise to the -surface. The under-lye of soda ash 
solution is riin off and any drainings removed before the addition 
of caustic soda for the purpose of drying. 
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With reference to the quantity*of*soda ash required tb 
" spring ” pyridine bases from weak pyridine water, the following 
figures may serve a» a guide. To every loo gallons of pyridine 
water, about 170 lbs. of 58 per cent, soda ash is a(Jdcd. The 
under-lye, after the separation* of the pyridine bases, will test 
about 40° Tw. If soda ash is used for " springing,” the drying 
operation is carried out in the manner already described. 

The “ springing ” and drying operation may be carried out 
in the receiving tank, but it is advisable, especially in cases in 
which a largf volume of pyridine acid i* to be worked up, to 
carry out this series of operations in another tank. This will 
relieve the receiver, and a further dislilling operation may be 
carried on within an hour or so of the finish of the previous one. 

The dried pyridine may be run iifto a storage tank to await 
the process of rectification, or if this process is not carried out 
at the works, then the pyridine is goneraliy filled into barrels, 
or, better still, into iron (.hums, ready for desjiatch. It is neces¬ 
sary of course to sell this material on a tes», anp the method of 
carrying this out will be found ofl page 232, chapter .xix. 

In the process of rectifying crude dried pyridine, it is a good 
policy to collect the fractions into small receivers or packages, 
so tliat each may be tested at the end of the operation, and a 
suitable rai.\ing made to obtain a rectified pyridine which will 
answ’er any test required by the buyer. Th^two chief types 
of .' ■ctiiie.i pyrichne are: one which will give not less than 
qo per cent, at 140“ C. when distilled hi a 100 c.c. Wurtz flask, 
and the other which yields 50 per cent, up to 140, and go per cent, 
up to it.ih C. There are other tests which these rectified 
pyridines are required to answer, and they will be described 
.iilly in chapter xix. 

H.iving charged the still with a quantity of crude dried 
pyridine, the fire is lighted, and the temperature of the still 
contents raised fairly rajiidly at first, but as soon as the dome 
begins to get hot the filing is carefully regulated until the 
distillate appears at the v orm end. Priming into the fractionat¬ 
ing column must be avoided. 

The distillate is now collected until a sample taken from 
the worm end and tested does not commence to distil until • 
140° C. is reached. This fraction may, be collected in a single 
receivei and reserved for go per cent, at 140° C. pyridine. If 
this is done it is advisable to test* the contents of the receiver 
frequently for the percentage at 140° C., aStcr a thorough mixing, 
when the change-over point is near at hand. ‘The distillation 
is continued from the point just mentioned until a sample 
collected at the \»orm end and tested d( 5 es not yield anything 
at i6o° C. This fraction is known as,heavy refined pyridine. 

Another plan may be used for collecting the first fraction 
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f/om the distillation of drude pyridine. It is to ren«the distillate 
into 40-50-gallon drums and cut for the first fraction when a 
sample'taken from the drum into which thc'distillate is “ work¬ 
ing ” and tested yields about 70 per cent, at 140° C. The second 
fraction is collected between this point and that at which a 
sample of the'distillate when tested yields nothing at 160° C. 

After the second fraction has been collected, distillation is 
discontinued, and the residue run to the bottoms tank, after an 
interval of an hour or so, in order to allow it to cool down some- 
wliat. TlieTiCcond frtxtion is refractionated in tile same, or a 
similar still, in order to obtain some more pyridine bases suitable 
for mixing with the first' fraction. It is advisable to split this 
fraction on redistillation into two portions, cutting the first 
fraction when a sample fntm the worm end begins to distil at 
140" C. and the second fraction when a sample tested from the 
worm end yields nothing at 160° C. The residue in the still is 
run to the bottoms tank. It is a good plan to collect these two 
fractions in carJ)oys«or small dnuns, as it rendei's it more con¬ 
venient when carrying out the'mixing process. 

With reference to this process, it is not easy to describe in 
detail the method of carrying it out. It requires a few months’ 
experience in order to clecide correctly how many gallons of 
bases giving one test should be added to bases of another test 
to produce the Ccsired result. It is a good plan to test the 
contents of the carboys obtained from the refractionation of 
the second fraction from the first distillation, and also the 
contents of the drums which contain the first fraction from 
the first distillation. Having obtained these distillation tests, 
experience will teach whether the contents of one or more 
carboys from the redistillation of the second fraction should 
be mi.xed with the first traction, or whether any of the first 
fraction should be removed before the mixing is carried out. If it 
is found that the contents of any of the carboys or drums contain 
oil, or an excess of water, then they should be rejected for re¬ 
working. It is often possible to tise pyridine bases containing 
a fair quantity of water, as the greater part of the distillate is 
generally free from tliis substance. If a little oil be present 
it is generally quite safe to employ for mi.xing, but it must be 
used with caution. In Jhe finished pyridine, according to most 
specifications, water should not exceed 7 per cent., and, when 
tested according to usual specifications, should show no signs 
of oil. The methods of testing pyridine bases, both crude and 
rectified, will hi described in chapter xix. 

With reference to the bottoms, these are sometimes re- 
fractionated, and may yield 2 per cent, or ^ per cent, below 
140° C. This of course is useful for mixing purposes. The 
distillation may now be carried on up to a point where a sample 
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collected from the worm end and tcstcd^yields notliing at aboit 
i8o° C., and this distillate can be sold as heavy bases. Some¬ 
times the bottoms arc sold under the same term -Without 
redistillation. 

With ref<5rcnce to cleaning ithe still, it is policy to carry out 
this operation after every second distillation when working 
dried, crude pyridine, and after every distillation when working 
bottoms or heavy bases. o 

The following details referring to the yield of pyridine 
bases from»»)nce distilled naphtha and' once distilled benzol 
will no doubt be instructive. The figures are average ones 
only, and it must be remembered thalf distillafes from different 
tars will give results higher or lower than them. 

Once disltUed benzol, iiou gallons taken. 

One wash only. 

Tvridine base,^ recovered : mu. 

8.27 gallons 1)0 per rent, at 140" C. pyfulii'i- bases - 0.75 

0.64 gallons higher bases ' '^0.057 

Oiur dictillcil udfrlillw. 1550 gallons taken. 

1st wash. 

29.7 gallons go per cenl. at 140° C. pyridine bases. 

K.3 ,, higher bases. 

2nd w.ish. 

28.3 gallons 90 per cent, at 140" C. pyridine bases. 

8.g ,, higher bases. 

3rd wash. 

4.2 gallons 90 ]>er cent, at 140" C. pyridine bases. 

1.3 „ higher bases. 

/ olid. cent. 

()2.2 gallons 90 per cent, at 140° C. pyridine bases =-4.01 

18.5 , higher bases. ' 1.19 

An average amount of crude pyridine obtained per ton of 
tar distilled is 0.247 g‘illo'>s. 



CHAPTER XIV 


PLANT FOR TIIIC MANUFACTUREeOF CRUDE NAPHTHALENE AND 
ANTHRACENE 

ilalting'Out tank'? -r('trystalhf>inK tanks - hydraulic —centrifugal 

machinc -antliraceno oil still -rry.stallisinn tanks liyilraulic press— 

filter press—{'I'lnding miteliinery—ivasliinfi lank. 

r.KUDK naphthalene anti attl'.rarene arc not preparefl in all tar 
listillcries, and this remark applies especially to tlie latter 
iroduet. It is tlionght advisable, however, to deal witli the 
iubjeet briefly in this and the next ehajiter. Crude nfqihthalene 
s placed on the mar,Vet chieliv in three quidities, viz. ; drained, 
rressed, and " \(hizzea” ; and..lhe pieces of jilanf necessary for 
die production of these qualities are as follows; Salting-out tanks 
ir boilers, rccrystallising tanks, hydraulic presses, centrifugal 
nachines, together with the necessary steam piping, bags, 
itaging, etc. 

The salting-or.t tanks or boilers may be of any convenient 
ihape. Usually they are second-hand steam boilers with the 
;ubcs drawn and the ends blanked, or else second-hand egg- 
mded steam boilers. The size of these tanks or boilers varies 
generally between 4000 and 10,000 gallons. Each tank should 
be provided with a 2-inch inlet piiie ; one 2-inch outlet pipe 
with tap placed at the bottom for the purpose of draining, the 
mtlct being closed inside by means of a lead-lined plug with 
1. long handle, to prevent it getting salted up (this pipe may be 
mnnected to a pump if desired, or else arranged to lead the liquid 
)il into storage tanks by force of gravity); a suitable closed 
steam coil, built up of if-inch steam-pipe; a manhole of the 
asual size and provided with a loose cover; and also a 2-inch 
imtlet pipe and tap, which may be placed at the bottom of the 
tank for the removal of the melted salts. Some prefer to put 
.n a by-pass on the draining pipe, and use tliis for the removal 
jf the melted salts. Others prefer to insert through the top 
af the boiler a suction pipe ranching to the bottom for the same 
purpose. Neither of these plans is good. The outlet pipe lor 
the melted saltr is corinected up to a steam pump, and a pipe 
line is arranged from the delivery side of the pump, so that the 
liquid may be delivered into the recrystalljsing tanks. Re¬ 
ducing T’s should be placed on the suction and delivery mains, 
and connected up to a i-lnch steam-pipe, so that steam may 

17 # 
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be blown tlirt)U(,h the, pipes after the flumping operation, in 
order to thoroughly clean Niem and prevent them becoming 
salted up or choked, t The number of salting-out tanks orWlers 
required will vary of course according to the quantity of salty 
oil it is desired to deal with per day. 

Tanks for rocrystallising the melted salts should be shallow. 
A general size is 8 feet wide, 14 feet long, and 2 feet deep. The 
tanks may be placed on the grefund level, or, better, a toot or 
two above the same, as this will allow air to^circulate r^oiflid them. 
They are pret^ided with one or more inch outlet pipes and 
taps, by which to drain away the mother liquor or oil which 
separates into underground tanks or boilers. The outlet holes 
should be i losed by means of Icad-lmcd plugs, with a handle 
to facilitate their removal. These tanKs must of course be under 
cover, and it is an advantage to arrange that the room in which 
they are placed can be suitably cooled, or else the tanks 
themselves may be artificially chilled during hot weather. 
It may he added that many works do not triJlibi%about chilling 
at all, but recover just so much felts as will crystallise out at 
the temperature existing during the time of working. 

The salts from the rocrystallising tank arc removed by manual 
labour, and either juessed in hydraulic presses or dealt with 
in a centrifugal machine. Suitable types of hydraulic press 
are shown in Figs. 64 and 65. The head, bottom, and table of 
these presses arc of the best cast-iron, macluned where necessary. 
Close-grained cast-iron is used for the ram, and it is polished the 
full length to fit the ryhnder, which is constructed of best cast 
steel and supplied with a steel gland. The columns are made 
of mild steel and fitted with steel nuts. Division plates of mild 
.it' i are supplied loose or as part of the press, as shown in Fig. 65. 
Centrifugal iiiachines arc specially made lor this purpose by 
several firms, and an excellent type is illustrated in Fig. 66. 
This machine is electrically driven and suspended on three pillars 
so arranged tl-it the vibration is absorbed and the necessity 
lor a massive foundation done away with. It is self-contained, 
the electric motor being built on to the centre spindle. The 
electric motor is fitted with an automatic starting-gear, which 
makes the machine fool proof, and the starting up quite .autd- 
matic. An outlet is provided in the revelving basket through 
which the “ whizzed ” material can be discharged down the 
discharge' shoot and on to a small trvfck or barrow, or into a sack 
placed underneath. Steam-driven machines are sometimes 
employed instead of electrically driven ones. H is of course 
necessary to provide an underground tank into which the oil 
pressed out during* the application of hydraulic pressure, or 
separated by centrifugal force in the, “ whizzing ” operation, 
can be run. 

Mj 
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The methods of v;orking up crude anthracene vary: some 
prefer to redistil the green oil, others simply to allow it to cool 
and seiiarate out the crude anthracene. If it is desired to 
distil the oil before treatment, then it is necessary to put m a 
still of wrouglit-iron or mild steel, somewhat similar to a tar 
still in shape, and provided with similar fittings, such as charge- 
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pipe outlet pipe, swan neck and stool, safety-valve, manhole 
and lid, etc. The still bottom should not be built with very 
much rise, the crown plate having a rise of between 12 inches 
and 18 inches. The concave portion of the bottom is connected 
to channel plates, as already described under tar stills, and 
the dome of the still should have a rise of between 12 inches 
and 14 inches, according^ to the size of the still. It is of course 
necessary to connect the still to a condenser coil, which latter 
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piece of appartitus will require the usital hondenser tank, fitted 
in all respects as described andcr tar or light oil stills.^ The 
number of receivers Will vary*according to the desire to separate 
the distillate into one, two, or three fractions. Whether the 
green oil or anthracene oil is distilled or not, the remainder of 
the plant is practically the same. It consists chieflj' of shallow, 
crystallising tanks, about the same size as those used for the 
recrystallisation of the naphthail'ne, a filter press or presses. 



Fig. 66 .— Centrifugal Maclnne. 


washing tanks, one or more hydraulic presses, ami an edge 
runner or other suitable mill for grinding the washed and re¬ 
pressed anthracene. The crystallising tanks are fitted up with 
2-inch pipes and taps at the bottom for the purpose of draining. 
They should of course be under cover, 'and sometimes the chamber 
in which they are erected is artificially cooled during the sununer 
months. As a matter of fact the arrangement of these tanks 
and their fittings is ver^ similar to that alrejidy described under 
naphthalene recrystJUising tanks. 

If it is desired to press the crude .anthracene or crude 
naphthalene at an elevated temperature, then a horizontal 
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or vertical hydrauHi liot p.ess must be installed. In the 
be.st types of hot press each division plate is connected to 
a flexible steam-pipe and so constructed that steam may 
circulate in its interior. An excellent type of niter press is 
illustrated in Fig. by. For dealing with anthracene this piece 
of apparatus, is usually made with very deep chambers and ot 
the flush plate and distance frame type. The plates may be 
eitlier circular or square in shape, and are fitted with plain bib 
outlets for the filtrate. With reference to the feed inlet, this 
can be arranged («)'through a passage m one'■corner of cacli 
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plate having a port to each distance frame, and (i) by a central 
liole through the plates. In order to secure the maximum 
amount of area of cloth available for effective filtration, careful 
attention must be given to the construction of the plates. 
plates of the press illustrated have their faces studded with 
small, truncated, square pyramids; and this in the wnters 
opinion forms the most efficient support for the filter clotlis. 

With reference 'to grinding machinery, one of the many 
types of edge runner may be used, or a Carr s disintegrator, or 

other suitable type. • * . / i r 

Tanks for washing the anthracene are constructed of wroiaht- 
iron or mild steel and provided with paddle or archimedean 
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screw agitators. They may be erected in a vertical or horizontaT 
position, and should in either case be covered in. The washer 
should be fitted with- a closed steam coil in order to wa/m up 
the charge, a charge-pipe for introducing the washing material, 
a manhole ab»ut i8 inches by -iz inches, through which the 
pressed anthracene may be dropped, and an outlet pipe to remove 
the contents after washing to the filter press. 



CHAPTER XV 

THE MANIJ7ACTURE fF CRUDE NAPHTHALENE AHIJ ANTHRACENE 


Chemical and physical properties of naphthalene and anthracene—salting- 
out the oils—^l ecrystallising the naphthalene salts—“ drained ” 
naphthalene—“ whizzetl,” naphthalene—“ pressed ” naphthalene— 
distillation of anthracene oil—"salting-out” the oil—filtering the 
"salted-out” oil—^pressing and washing crude anthracene. 


Naphthai.enk, CkiIIj, occurs in the form of wliitc monoclinic 
crystals possessinjf u peculiar tar-like odour. Its specific gravity 
at 15" C. is 1.1517 and at 1*00° C. 0.9C28. Naphthalene melts 
at 80° C. (corr.) and boils at 218.21° C. (corr.). In cold water 
it is quite insoluble, but it is very slightly soluble in hot water. 
It is dissolved by ether, alcohol, cliloroform, carbon disulphide, 
acetic acid and the essential oils. Toluene and benzene also 
dissolve napht'Mene. At 15° C. 100 c.c. of alcohol dissolve 
5.29 parts of naphthalene and at 16.5° C. 31.94 parts are dis¬ 
solved by 100 pars of toluene. It is represented by the following 
constitutional formula:— 


CH CH 



Naphthalene is a very stable substance ana is cenverted into 
simpler substances with great difficulty. If it is boiled with 
dilute chromic or nitric acid it is slowlv oxidised into ortho- 
phthalic acid:— 


182 
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It is readily acted upon by concentrated nitric acid, forming 
nitro derivatives, the reaction being Aacilitated by the presence 
of concentrated sulphuric acid. If it is heated with concentrated 
sulphuric acid naphthalene is readily sulphonated, forming 
naphthalene sulphonic acids. 

On adding a cold alcoholic solution of picric, acid to a cold 
alcoholic solution of naphthalene a ycIlo\. crystalline precipitate 
of naphthalene picratc, Cii,Hj.C5H2(N02)3.0H, is formed which 
melts at 149° C. 

Antluacene, C^Hj : (CHja : C0H4, in the pure state occurs in 
the form of small white glistening plates with a violet fluorescence. 
It has a sprecific gravity of 1.147, melts at 210,5“ C. (corr.), and 
boils at 351° C. (corr). In water it is insoluble, but is dissolved 
by alcohol, ether, benzene, carbon disulphide and many other 
organic solvents. At 15° C. 100 parts of alcohol dissolve 0.59 
part of anthracene. In ether it is rather more soluble, 100 parts 
dissolving 1.17 parts at 15° C. 

The constitutional formula of anthracene is written thus:— 


OH CH CH 



If antliracone is’ exposed to light it' is transformed into 
dianthracene, which in the dark Ijecomes depolymerised to 
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Anthracene. Tins is Q'le ,of the rare instances o{ a reversible 
photochemical reaction. , 

. light ^ 

d\t k , 

It is not possible to nitrate anthracene, and when it is acted 
upon by nitric acid (and also chromic acid) it is oxidised to anthro- 
CO 

quinonc C0IJ4 , „ C8H4, which melts at 277" C. 

'' CO' 

When saturated akoholic solutions of anthracene and 
picric acid arc mixed, ndiy-rcd needles of anthracene picrate, 
Ci4Hin,CeH2(N02)3.0H, art precipitated. These crystals melt 
at 138° C. 

In the manufacture of crude naphthalene, washed light 
creosote, and also the bottoms from the benzol, naphtha and 
light oil stills are employed. It is necessary to see that the 
distillates, suclCas light creosote, are quite free from tarry matter 
if they are intended for this purpose. These oils arc pumped 
into the crystallising boilers and allowed to remain for several 
days in order to crystallise out the naphthalene or " salts.” 
The period of time which the contents of these boilers are allowed 
to rest will vary according to the time of the year and average out 
between three to five days. When the " salting-out ” is completed, 
the oil which has separated is dniincd away through the drain¬ 
pipes into storage tanks. This oil is tested for its specific gravity, 
and if found to be low, is mixed with liquid heavier creosotes, 
or strained green oil, and placed upon the market as liquid 
creosote. The crude naphthalene remaining in the boilers is 
melted up by the aid of closed steam, and when the whole of it 
is in the liquid state, and at a temperature well above the cry¬ 
stallising point, it is pumped from the boilers into the rccrys- 
tallising tanks. Immediately the pumping operation is finished, 
steam should be blown through the suction and delivery mains, 
in order to clear them of any liquid salts which may remain 
and which will, if not removed, solidify in the pipes and cause 
no, end of ttoublc. 

Th6 liquid crude naphthalene in the recrystallising tanks is 
allowed to cool down and recrystallise out from the oil which has 
been carried over from the “ salting-out ” boilers. After a 
period, varying from two to four days, the drain taps are opened 
to allow any oil wliich has separated to run off. This oil is 
removed to storage boilers or tanks, and allowed to rest for 
several days, after which it is mixed with other liquid creosote 
oils and disposed of as liquid creosote. It may be added that any 
“ salts ” wmch is deposited in these boilers is melted up from 
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time to timetand pumped into the rccrystallising tanks. Aftdr 
the crude naphtlialene has tjorough'y drained it may be placed 
into barrels or other suitable.packages and disposed of as drained 
naphthalene. 

If, howevef, it is desired to psepare from the drained naphtha¬ 
lene a quality known as “ whizzed ” naphthalene, dt is removed 
from the recrystallizing tanks and charged into centrifugal 
machines. Care must be take* to level the “ salts ” in the 
cage of the machine, otherwise there is a great risk of wobbling, 
which may le?*! to an accident when the machine is sit in motion. 
The cage should not be overcharged, and should not be started 
up too suddenly. With a good centAfugal, it is possible to 
" wliiz ” lour to six charges per hour, the size of the charge of 
course varying according to the dimensions of the centrifugal. 
Should the centrifugal be self-discharging, then the “ whizzed ” 
crude naphthalene may be released from the bottom into a 
special receiving pan, or direct into sacks. The oil as it flows 
from the machine is conducted into the liquid (ycosote storage 
tanks or boilers. • 

Pressed naphthalene is prepared by taking the recrystallised 
crude from the recrystallising tanks and placing them into 
press bags. These bags arc made of various materials, some¬ 
times even ordinary sacking being used. The size of a bag when 
filled will vary according to the dimensions *1 the press, but 
an average may be taken as 9 inches wide, 18 inches long, and 
3 inches thick. Care must be taken to keep the thickness of 
the filled bags as even as possible, otherwise there is a risk of 
rupturing the press table during the process of pressing. When 
charging, the press table is run down to the floor of the press. 
It is then covered with bags, arranged so that there is a space 
01 about 2 inches between each. When the table is full, a 
wrought-iron plate about J inch thick is placed upon the top 
of them, and this is covered with bags in a similar manner to 
the table. 1 his operation is carried out until the press is 
charged. It is important that care be taken to arrange the 
plates and the bags on them so that they just cover one another, 
and do not project on any side. Any unevenness vertically 
will produce what is known as “ shunting,” i.e., the’ middle will 
bulge out on one side or the other. Thij will not only produce 
some half-pressed material, but there is a very great risk of the 
press table fracturing. In some types of hydrauhe press the 
plates are suspended from the press-hea^ by steel links, and 
when the press is run down tliis results in the plates being of 
sufficient distance apart to charge with filled bags. If a press 
of this kind js used, it is necessary to pl 5 .ee the bags on each 
plate so that they cover those on the plate immediately 
underneath. * 
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When the operatiofi gf ch''rging is complete^l, hydraulic 
pressure is applied, and the press gfntly run up. The pressure 
is then'slowly increased until it indicates between ij to 2 tons 
to the square inch. After an interval of about one hour, the 
hydraulic pressure is released gnd the press discharged. On 
opening the hags and removing the pressed cakes, should any 
wet edges be noticed, these are cut off and re-pressed with another 
batch. The cakes of pressed naphthalene are now charged into 
a disentegrating machine, and when thoroughly broken up, 
placed into packages f»r dispatch. 

A far better quality of pressed crude naphthalene is obtained 
by using a steam-heated hydrualic press and carrying out the 
process known as “ hot pressing.” A naphthalene which has 
been properly hot pressed will give very little trouble in the 
refining process and will yield an excellent finished product. 
It is very necessary to pay attention to the regulation of the 
temperature employed for pressing. Within limits the higher 
this temperature the better the result, as more foreign matter 
is removed, but it must not be forgotten that the presence of 
oil in the unpressed naphthalene lowers the melting point and 
if the naphthalene has not been carefully centrifugalled to 
remove the maximum amount of oil and a liigh temperature 
is employed during the pressing, then an excessive quantity of 
naphthalene will come away with the press drainings. It is 
advisable to let the works chemist determine the best temperature 
at which to press any individual working of naphthalene. 

In the preparation of crude anthracene, if it is desired to 
redistil the anthracene oil as obtained direct from coal tar, then 
a quantity of this is charged into a still and the fraction which 
comes over between the point at which the distillate tests 14° 
Tw. at 60° Fahr. and that at which it tests 26° Tw. at 60° Fahr., 
or when it shows what is termed “ grease,” collected lor this 
purpose. These figures are only approximate, and have to 
be varied according to the nature of the oil under treatment. 
It is rather difficidt to explain what is meant by “ grease.” 
The distiller, by experience, is enabled to tell from the appear¬ 
ance of the distillate, if a small portion is allowed to cool on a 
piece of irdn or glass plate, when anthracene approximately 
ceases' and liigher solid bodies appear. The presence of an¬ 
thracene in the oil is generally shown by a curdy or gritty 
appearance when the oil is chilled, and “ grease ” when the 
oil on cooling sets to a buttery-like mess. The anthracene 
fraction is pumped ihto the crystallising tanks situated in the 
press house, and there allowed to cool in order to separate out 
the crude anthracene: •• 

Should it be desired not to redistil the anthracetie oil fraction 
as obtained from the tar ttiUs, this is pumped from the receiver 
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into the crystallising tanks, and is snbmijted to the same proce& 
as the redistilled “ green ^)il ” fraction. The length of lime 
which the contents of the^crystallising tanks have to-rest in 
order to complete 'crystalhsaiion will vary according to the 
time of the ypar, unless the cha,piber or the tanks are artificially 
cooled. From two to five days may be taken as averages 
throughout the year. 

After the separation of the cfude anthracene has taken place, 
the contents of the tanks arc pumped through filter presses, or 
else into bag filters, which are prepared Vj' tying special bagging 
over flanges fitted into the pumping main, and then fastening 
up the bottoms with cord, the lot being suspended over a tank 
to catch the drainings; or else into an ordinary filter tank 
across which is suspended a filter bed made of filter cloth or 
bagging, and supported by wicker or basket ware. At the 
present day the filter press is generally used, as it deals with 
the material most expeditiously. In pumping through a filter 
press, the pressure must be raised gradually and kept as long 
as possible at a low point. Whea the p -ess is full and oil ceases 
to run from the press plates the press is opened and the cakes 
of filtered anthracene are removed. The filtrate, whichever 
way obtained, is known in the trade as strained or dead oil. 
The cakes from the filter-press may be submitted to pressure 
in a hydraulic press, and then ground up an^l washed, or else 
washed first, and after a further filtering pressed by hydraulic 
pressure, according to the quality of crude anthracene it is 
desired to produce. If it is required to press first, the cakes are 
broken up and charged into bags and then into the press, and 
then submitted to hydraulic pressure in a similar manner to 
that described under naphthalene. Sometimes the crude 
anthracene from the filter is passed through a centrifugal machine 
before submitting to hydraulic pressure. The filtered material 
is filled into bags and these are packed into the cage of the 
centrifugal, O' if a suitable gauze is fitted to the cage, the crude 
anthracene may be charged into it direct. Often hydrai^c 
pressure is applied at an elevated temperature. This is carried 
out by employing a steam-heated hydraulic press. 

After the pressing operation is completed, the cakes .are 
removed from the bags, ground up under an edge-runnef or in a 
disintegrator, charged into the washer and washed with " salted 
out ” (Uquid) light creosote or a moderately heavy naphtha free 
from naphthalene. The quantity of liquid used to wash say one 
ton of pressed anthracene is about 500 to 600 igallons. When 
the washer is charged, the contents are heated up by the aid of 
closed steani ani thoroughly well agitated. While washing a 
temperature of about So” C. is maintained. The period of agita¬ 
tion varies according fo individual’ideas, but averages about 
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thi-ee hours. After the washing operation, the corvtents of the 
washer are allowed to cool down to about 20° C. and then 
pumped through a filter press, the press cakes removed, and either 
hydraulically pressed, ground up, and spread out to dry in a 
drying room, or else roughly broken up as removed from the 
filter press and dried. The more complete the separation of the 
washing liquid from the crude anthracene, the purer the product; 
so if circumstances allow, it is far better to hydraulically press 
after the filter pressing operation than to dry after removing 
from the filter press. A point worth bearing in min'l is that the 
same kind of oil should be used for the washing of all batches 
of anthracene, should it be desired to produce the same quality 
of this material. 



CHAPTER XVI 

PITCH AND PITCH “ CETITNG ” 


Soft pilch medium hard and hard pikh c.cpui to run pitch in bay— 
cooiinn ol pitch—protection of pitch-nettcr’s eyes—"fretting” or 
digging iiitch—tools—cost of getting pi^ch— pitch cancer. 

There are three cliici grades of pitifli, viz.: soft, medium and 
liard. These gra.des are distinguished from one another by 
what is known as their “ twisting ” or softening point. This 
point will vary somewhat according to the method used’to 
obtain it : for soft pitch the average is about,iio° Fahr., for 
medium pitch 140“ F'ahr., and for liarJ pitch 210° F'ahr. At 
the present day a very large amount of pitch is purchased on 
the amount of volatile matter which it contains. The methods 
of conducting these tests are fully described in chapter xix. 

Witfi reference to soft pitch, this is not made in very large 
quantities, and when it is, it is generally filled into barrels, when 
sufficiently cool, instead of running on to a bay. It is a matter 
of impossibility to dig or “ get ” this pitch during the summer 
monihs. By far the largest quantity of pitch made is of the 
medium haid quality, and this, or the grade known as hard 
pitch, is run from the pitch coolers on to the bay, which is pre- 
i^ared as described in chapter vi, page 78. It is advisable 
not to run the pitch to too great a depth, the best thickness 
being between 15 inches to 18 inches. This depth ol pitch will 
cool rapidly and is dug with a minimum of labour by the 
pitch-getters. With reference to the length of time that the 
pitch must remain on the bay before it can be “ got," this will 
vary, naturally, according to the temperature of the atmosphere 
and the situation of the pitch bay. Under favourable conditions 
24 to 36 hours is all that is necessary, but there are timys when 
two or four days must elapse before pitcji can be worked. 

During the summer months it is advisable to get the pitch 
at niglit, or in the early hours Of the morning, rather than 
during the hottest part of the day; anjJ in order to keep the 
pitch cool, especiaUy that portion which carfhot be worked 
immediately, the surface should be covered with a thin layer of 
lime wash. . This^vill prevent the absorption of the sun’s rays 
during the daytime. If it is necessary for the men to work 
pitch which has been lime-washed bn the surface, during the 

18 D 
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daytime, especially wlii’e the sun is shining upon it^ the portion 
on wliich they are working should’be washed with water and 
a hard'brush to remove the lime-vash, as-otherwise the glare 
win injure the men’s eyes. 

It is a general practice among pitch-getters, in'order to pro¬ 
tect the eyes, lO wear a piece ol black crepe over them. Tlus is 
not an ellicient method of protecting these organs, as .sometimes 
rather large particles of pitch will fly up from the bed, and will 
easily damage the eye in spite of the crepe. Goggles made of fine 
copper wire 'gauze of Between 30 to 40 meshes Ul the inch are 
much more suitable for this purpose, as the gauze will offer a 
considerable amount ol resistance to flying pieces of pitch. It 
should bo added that the workmen do not care about wearing 
goggles, and in many cases will not even wear crepe. However, 
the management should insist upon this means of protection 
as a precaution against claims under the Workmen’s Com- 
pciisation Act. A good plan in order to prevent excessive 
rising of dust is to .ret the pitch at the point where it is being 
dug, and often the workmen will carry this precaution out 
witiiout being told. 

Pitch is “ got ” by driving metal wedges into the layer on 
the bay with sledge-hammers weighing about 10 to 14 lbs. This 
breaks off large pieces, which are further broken down by the 
aid of pickaxes. The pitch is then shovelled into barrows or 
iron skips, according to the situation of the bed or the manner 
adopted by the management for loading trucks or carts. Some¬ 
times the pitch bay is so situated that carts can be backed into 
it, and loaded direct by throwing the pitch into them with a 
shovel. If the bay is below the ground level, then it is necessary 
cither to wheel the pitch in barrows up barrow-runs, or else to 
raise it skips in by means of a crane. Should the pitch bay 
be above the level of the railway trucks, then it is quite a simple 
matter to wheel the pitch in barrows from the point where it 
is being “ got ” and tip it into the tracks at the end of the run. 

With reference to wedges, these must be made of good steel, 
about 2 feet 6 inches long and i| inches by inches in section; 
" set temper ” steel is a very suitable grade to use. New wedges 
should be tough but not brittle, as the tendency seems to be for 
the steel to become very brittle in time, owing to repeated 
hammering and to the presence of fine pitch dust, which settles 
upon the head of the wedge. Brittle wedges are dangerous, as 
particles fly off and often cause accidents by cutting the 
" getter ” about the body. The same remark applies to the 
hammers. Sledge-lammers having two faces are the best type 
to use, and the average workman prefers one of about 10 lbs. 
in weight. 

The cost of " getting ’’ pitch and loading it into wagons 



PITCH jJlMU pitch " GETTING ” IJI 

will vary sotacwhat for each works, acuording to the position 
of the pitch bay, the thickness of the pitch on the bay, the time 
of the year, and so on. Under normal conditions in a properly 
arranged and well managed works it will vary between Gd. and 
yid. per tont including repairs. The average cost of repairs 
should work out at Jd. per ton. ' 

For many years it has been known that certain men engaged 
in the handling of pitch (and also anthracene) develop warty 
growths. These growths often ulcerate, and at times’ render it 
necessary to- remove, by surgical treatnfent, the affected part. 
A year or two back a special inquiry was made at the instigation 
of the Home Office into this question, afid it was discovered that 
these ulcerated warty growths occasionally become the seat of 
what is termed by medical men epiflicliomatous cancer. This 
form, of cancer is considered to be the least malignant, and if 
removed is not usually followed by a recurrence. Draft regula¬ 
tions were drawn up, and in the course of time objections wt*re 
raised ag.ainst these. Among the draft tegujations, it was 
suggested that bathing and waslung on the factory premises 
should be carried out. It was required that the workman 
should t.ake a bath at the wotks at least every alternate weekday, 
and wash before leaving the works for meals, or at the end of 
the day, when a bath is not taken. One o[ the chief objections 
raised against these regulations was that of washing and bathing, 
the worknren stating that the. apjiliration of water to the skin 
after pitch-getting caused them a consid(Tablc amount of 
pain. Owing to this and other objections a Home Office inquiry 
was made to consider the same, and an interesting pamphlet 
was published dealing with the insults of the inquiry.^ 

It appeals that jiitch dust also cainses severe inflammation 
of the conjunctival membrane and cornea of ihe eye, and in 
some cases may result in the formation of epithelimatous 
cancer on these membranes. In any case there is great danger 
of septic inflammation being set up, owing to bacteria getting 
into the ulceration, and the possible chance of the loss of sight. 
The wearing of goggles or crepe will not prevent the fine pitch 
dust from getting into the eyes, and on this account it is advisable 
to wet the pitch somev’hat at the point of working, as already 
stated, in order to prevent as far as possible the rising of dust 
during the “ getting ” operation. 

The pamphlet just mentioned'does not state what is the 
actual cause of the irritation, although jt seems to point to 
the fact that the cause is two or more of severaf chemical sub¬ 
stances contained in the pitch (or crude anthracene). These 
substances are divided into two groups; 'the ameiies (exciters 

' The Problem of ihe Gas Works Pitch *lndustries and Cancer. Joha 
Murray, Albemarle Street, London, W.i. Price 6d. 



COAL TAR DISTILLATION 


Ip2 

ot reproduction) whichr*timuIato cell multiplicatioil and kinetics 
(or augmentors) wliicli increase tAe action of the auxetics. 
it appears that pitch cancer cannot he produced unless an auxetic 
• and a kinetic are present. The auxetics appear to be bodies 
akin to the amido acids or theinderivatives and thfe amines, and 
the kinetics substances of the ptomaine class, such as cadaverine 
and chohne. 

The writer made some experiments a while ago and was able 
to isolate small quantities of acridene from coal tar pitch, and, 
on making 'a few expdiiments with this material," found that it 
set up considerable irritation, particularly when applied to mucus 
membrane and especiahy when wetted. Possibly acridene is 
one of the hurtful substances of the auxetic type, but it rests 
with the medical men carlying out the inquiry to settle such a 
matter as this. 

Several methods have been suggested for the removal from 
coal tar of the substances which induce cancer, and among them 
are those of H.,W. Robinson and H. C. Ross. 

Robinson’s methods are briefly as follows: British Pats. 
4159 and 10156, Feb. 8th and April 30th, 1913. The addition 
of small quantities of formaldehyde or other aldehyde to coal 
tar at a suitable stage in the distillation process results in a 
pitch entirely or almost free from auxetics and, therefore, 
liarmlcss as regd-ds liability to induce pitch cancer. Sugar or 
other substance which decomposes at a temperature below 
250° C. with the formation of an aldehyde may be used. If 
formaldehyde is used it is added along with the steam after 
removing from the tar all the fractions which come over before 
anthracene oil. The quantity recommended is ij gallons 
of 40 per cent, formaldehyde for each 2000 gallons of tar. 

Robinson: British Pat. 20767, Sep. 15th, 1913. Tar is treated 
for 60 to 90 minutes with ozonised air applied at a pressure 
of 20 to 30 lbs. per square inch. 

Ross suggests the following: British Pat. 11984, Mar. 22, 
1913. The auxetics in tar are removed by bringing the tar into 
intimate contact and spraying it with hot water or hot dilute 
acid. The mixture is projected on to a plate or plates to bring 
about a finely divided state, after which it is allowed to stand 
to separate the aqueous liquid or is treated by any other suitable 

E rocess to attain this end. If hot water at a temperature 
etween 100° to 212’ Fahr. is employed then a volume twice that 
of the tar is taken, apd if dilute acid is used, a volume one-half 
that of the taPwill suffice. Stdphuric or hydrochloric acid of 5 
per cent, strength is recommended. 
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CRliOs'oTE 

Variali hi in spC.'ific jjravity, (Iislillmij rarif'c, 'ti .— Wells’ oil - fuel oil— 
sheep (ii]) iTcosole <'r('()sole lor the jnanufactnre of greases- creosote 
for the manufacture of bl:u k varnish ci^osote lor timlx’r jneserva- 
tiun reipineiiu nts ol several speeilK ations—rnosote for the ben/.ol 
leeovery piocess stoi.ige of creosote—*’olatilily ol creosote. 

Till-: tonn creosote is used very broadly in tlie eomnierrial 
world, and iindi'r it are offt'n included oil-j^as tar cn'osote, woocj- 
(ar creosote, coke-oven creosote, l)last-furnac(' oil creosote, and 
several others. In tliis chapter il^is intendefl lo-Vleal with coal 
tar creosote only- 

('oal tar creosote as put on tlie market varies within fairly 
wide limit'-' as regards specific gravity, content of jihcnols and 
naplithiileiic am' distilling range. The gravity may vary bc- 
‘.we<‘n T.ooo and 1.070. Occasionally samples are met with a 
little lower in gravity, and sometinu'S liigher. With reference 
to the jicrccntage ol tar acids, ci eosoles are sold containing but a 
mere tiace up to about 25 ])(‘r cent., and .ntli regard to tlie per¬ 
centage mipbthalene. this varies very considerably, some 
creosote-' containing jut c<‘nt. and even more, others but more 
traces, tsome idea of the variidion in distilling range will be 
ol ..ained by leferring to Table XX. 

TAHLR XX 


I'ntm drop lo 200' 

I Fntiii drop to 2511" C. j From drop to .pMi'’ C. 

Re'iulue. 

I’tT Cflll. 

Pei cent j Per ctMil. 

Per cent. 

0 to iG 

25 to 7 $ (>3 to 85 

5 to 35 

• 


• 

Creosotes as obtained direct from cijal tar by distillation 
differ somewhat according to the quality of the tar, and more 
often than not are put through a special treatment, i.e., removing 
3 certain portion of the tar acids or naphtljalene or submitting 
to a redistillation, before placing on the markdl. More fre¬ 
quently, owing to the fact that most buyers require creosote to 
answer their own sfiecification, blends of various grades have 
to be made. A creosote required for.buming, say, in a Wells 
lamp must be quite free from dirt and naphthalene. As a 




104 


COAL TAR DISTILLATION 


matter of fact it slmiild iiot (U'])(>sit “ salts ” (or naphthalene) 
at a tomperature of 40“ h'ahi'. after exposure to that temperature 
fnr six liours. The average six'che gravity foi crecisote for 
this purpose is i.oyo-T.otio at tio" h'ahr., and it shou d n„t contain 
more than a iier cent. of water vihen tested by disti .lation. 

CTCosotoTiil if l-roperly prepared mak» a fairly good M 
oil when compared with petroleum fuel oils such as Amtriean 
residuum, RiiLian ostatki, ami shale oil. Much care must 
however; be employeil in the preimration, otherwise 
will result when it cohtes to be burned. It is iieeohsaiy to use a 
heavy creosote or. better still, an anthracene oil for fuel PWP''S«. 
and it must be free from any kind of solid 

ol an earthy, carbonaceous or hbrons nature, and also rom 
naphthalene or anthracene salts. All these 'V', ‘ * 

the orihces of the nozzles of the burners, and iiaphth.ikiic or 
anthracene salts will also choke up the supply P'P“ " 

weather. It has also been toiiiid that tlii^e salts form 
a crust round the<mouths „[ the burners, hiiel oil 'mist not 
deposit any nai-lithaleiie orminthraceiie salts wl'cn cool d to 
0" C and kept at that temiierature for 24 hours. It must be 
(luite tree from water, as the presence ot this material will prob- 
iblv cause the Haiiie to go out, and if this is not "otn-cA a 
disastrous explosion may take place 11. 

the oil spray aicd air forming an exidosive ‘^ 

than o s per cent, of water, determined by distillation, shoutct 

be alloWd. The flash iioiiit must not be low, the minimum 

being 1,50“ C. Abel’s close test. Creosote will if properly pic- 

pared, t'est alwve 210" C. Abel's close test, 

if burned with care in regard to an sup]) y, will 

results and smoke troubles need not l.ie leared. The calorihc 

power of this type of fuel oil c-aries iimrc or less 

and i7,.Soo Hritisli thermal units per lb. nir purposes of com 

parison the hgnres given in fable XXI will prove of use. 


TABLR XXI 




Flash 
Toiiit 
“ 1. 

Calorific v.Jiie by 
bomli. 

Kind of Intel Oil. 

Spceific 

(iiavitv. 

per 

ii>. 




Calories. 

B.Tli.U, 

Heavy tar oil 
I-ilast-turnaM’ oil 
.American residuum 
Russian ostatki 

Shale oil , 

' 1.0S4' 
0.974: 
0.88(1 1 
0.95b ' 
0.875 j 

218 

20G 

3,50 

308 

28S 

8,916 

«.933 

10,904 

10,800 

10,120 

16,050 

16,080 

i 9 .f '27 

i<,'i 440 

18,217 


Actual 
Evapora¬ 
tive 1‘owcr 
m Tract ice 
from and 
at 2J2® F. 
lbs. 


12.0 

12.0 

15.0 

14.8 

13.8 
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Creosote rtils intended for tlie .noinufnoturc of sheej) 'l';>s 
and disinfertant fluids innsj lie speially preiiared if the best 
results e.re desired. of ilic rhief points to bear in mind is 
tbc removal of naiilitlialene “ salts.” The presence of this 
substance hat* a very deletcrinus effect on tbe emulsifying 
power of tbe finished dip or disinfectant. It i? one of the 
causes of “ falling hoavyi,” i.c., on addition to water, falling 
through the water to the’bottom«of the vessel instead of spread¬ 
ing in the form of white clouds. Naphthalene " salts " should 
be separated .Very carefully by allowing '?ne creosote^ to stand a 
considerable time during the cold weather or, far belter still, by 
refrigeration Some of the creosote Ails obtained from the 
najibthalene jilant prove iiselul in this resjiecl. 

All creosotes intended for the iturpose now under con- 
sidera*ion must contain a certain percentage of tar acids, this 
varying accoriliiig to the requirements of the buyer. Some 
buyers re(.[nire g per ciut., others 5,10,15, 20 per cent, or mor^. 
It should be lueutioued that redistilled en*>‘.oV is the most 
suitable for sheep dip and disiiifeiT'ant manufacture. Another 
matter for consideration is the specific gravity of the creosote. 
Tbe best results are obtained, as a general rule, if the oils are 
of a specific gravity ajiproaebing that of water. This means 
that the lighter the sjiecitic gravity of flic creosote the better 
the emulsifying ]iower of the fluid, other third's being equal. 
NatiiraUy, it is not always ])ossible to obtain a coal tar creosote 
of a s])ecific gravity of i.ooo and in any case never in large 
quantiiies, but it is |)ossible to make a blend of a creosote, say, 
of specific gravity' 1.055 'it <'vcn of a higher or lower gravity 
with a fairly high distilling iietroleuni, say. of a specific gravity 
be*.vc‘eu o..So(' and 0.820. The specific gravity of the finished 
di.sinfi'Ct.mt fluid or shoe]) di]) will, of course, be greater than 
that of water, but it must be remembered that the soap used 
in the preparation " dissolves ” in tbe watei, to which the fluid 
is added prior 1.' being used, while tbc oils do not, Tbe function 
of the soap in tbe fluid is to form a colloidal solution with water 
which will emulsify tlie oily portion of the disinfectant and keep 
it suspended in a very finely divided state. Other things being 
equal the finer the stale of the emulsion the more el|jcicnt; 
is the action of the disinfectant fluid. , 

In the manufacture of the cheaper fluids rosin soap is used 
alone but in the higher quality clisirtfectants a mixture of rosin 
soap witli a vegetable oil soap, or a vegeta|)lc oil soap alone, is 
employed. The cliief vegetable oils employed are tastor oil and 
linseed oil, or their fatty acids. It must be remembered that 
excess of caustic alk*li( caustic soda or potash) is to be avoided ; 
it spoils the ” falling ” and emulsifying properties of the fluid 
and reduces the activity of the disinfectant by combining with 
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1Ir‘ tar acids or plicivds.' Li making a fluid the'wiscst plan is 
to let, tliu works clieinist calculate-, approximately the amount 
of caustic lye required for eacli-pan cl?argo and to employ 
a man to manufacture tlie fluid who ])ossGsses some knowledge 
of soap making. ' 

There aA' numerous formulae used for the manufacture 
of disinfcctanl fluids, each manufacturer using those which 
best fit in with his ideas or thflse of his customers. As a guide 
to the stud(‘nt. however, the following ])ai1iculars may be 
uselul. 

Dhinfcclant ffuid. 

‘ I’Cl <Ollt. 


Rosin ........ 

Jdghl creosote, sp. gr. ^.025. ap]>rox. 18"', tar acids bi 
Petroleum, sp. gr. 0.H15 .... 3 

Caustic sotla ...... 2.5 

' Water.7.5 


With refer “lux- to the various high eoeflicii'nt disinfectant 
fluids now on the market, these are geiK'nilly made in works other 
tiian lar distilieriiN, and contain as their child ingredii'iits blast- 
lurnace oil tar acids sjiecially distilled and blast-furnace creosote. 

Sometimes creosote is used in the mauufacfuiv of choaj) 
lubric.iting groas(‘s for eolliery trueks and bogies. The oil for 
this purjiose mKst hi' of llie heavy type, and the one most fre¬ 
quently Used is that known as strained oil or “ dead ” oil. This 
oil lias been referred to already in Chapter XV, page 187, and is 
obtained during the manufacture of crude anthracene. The 
specific gra.vily varies somewlial ; an oil testing i.oGo at 60'^ 
I'ahr. is irequently used. These greases are priq)ared by adding 
rosin oil and slaked limi* to tin* green oil. Usually the com¬ 
position varies betwi'en 8(1 ti' 88 ])er cent, of heavy oil, 4 to 7 
per cenl. of rosin oil, and 4J to ()J ]>er cent, of slaked lime, the re- 
miinder lacing water. In the brick industry creosote sometimes 
finds ap])lication undi'r the name of brick oil. h'or this purpose 
it should ]K)ssi;ss a sj^ecitic gravity between 1.060 ami 1.070 
and be quite free from “ salts." 

A suitable creosote for the manufacture of black varnish 
(usmilly a mixture of coal tar pitch, creosote and heavy naphtha, 
or of coal lar pitch, water gas iiitcli, creosote and heavy naphtha) 
must b(‘ fr(‘e from an excess of naphthalene or anthracene salts, 
contain not more than 2 per cent, of watiT determined by dis- 
lillalion, and »)f a-sp(‘cifte gravity between 1.050 and 1.065. 
A usual plairis to employ tlie higher gravity oils for slow drying 
black varnishes in whicli more flexibility in the film of dried 
varnish is desired, using perhaps a good ^'proportion of water 
gas pitch- in the composition. In tlie writer’s experience, 
liowever, it has been found that all films made of the intches 
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and bituiiicn* (wla'llior heavy I'R'dsn'a’ «ir light crvdsdte has 
been used) become very briUU' in a short space ol time, ])i^rtie,u- 
larly those films made i'rom n varnish in which water gas piteli 
has been used. This result is due not only to the original some¬ 
what brittle infture ol the ])ileh oi* bitumen, but also to the action 
of sunlight and diftused light, which seems to bring iilrout changes 
in tile nature of the. material, ]irobably by auto-oxiilalion. 

As a wood jireservative ereiftote oil is, without doubt, the 
finest niatenal extant, and more of it is used lor the presia vatiou 
of railway .--ietpers and other timber in ,'onnertion with railway 
work, and also timber used in telegraph installations, than in 
any other direction. It may be addect here that the I'nited 
States ol America are the largest ecuisnmeis ol this material, 
using upwards ol loS,000,000 gallons ])er anmnn. I.arge 
epiantities are, ol eonise, sujijilied to the British and t'ontinental 
railway comiianies by manularturers in this country, in addition 
to I'xportiiig very considerable eiuaiitilies to the States. All 
this ereosoti' is sold .icrordiiig to specitieation.’e ich buyer having 
his own. This will ol eonrse nece^sitate in many cases eareiul 
mixing of several grades of oil, and even the removal ol a eertain 
amount of tar aritls and sometimes the whole of the najihthalene. 
In other lanes it is often necessary to add naphthalene before 
the creosote will answer the reipiireiuents of a certain specifi- 
j,cation. In order to give some idea of the variifus reipiirements 
of specifications, seveial are given in Table XXI I, and tlnee other 
specifications tor creosote such as usi'd on some American 
railroads are given in Table XXlll. 

It is not convenient to discuss here wdiether a creosote con¬ 
taining a high percentage of naphthalene and tar acids or oiu- 
C( ataining a small quantity of tar acids and no naphthalene will 
give tilt best results as a wood preservative. According to 
many investigator's excellent results have been obtained with 
both kinds, and at present the matter will have to be left at that 
so far as this book is concerned. Tests to prove the eftieiency 
ol a creosote lor railway worl take a number of years, and w'eather 
and soil conelitions, etc., will influence the results in a variety 
of ways. , 

In the important process of stripping gas of its timizdl, 
creosote has found a use, and it is probable that as time goes on 
the quantity reejuired for this purpose will increase. The 
quality of the creosote destined for this purpose must receive 
careful consideration, especially in connection with the content 
of water and salts. Not more than traces of wtfter should be 
allowed, and if the best results are desireij there should be an 
entire, freedom from na])hthalene or anthracene salts. In regard 
to the specific gravity, this varies aceprding to conditions laid 
down by different users, the variations being between i.oi and 
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1.050. The distilliiis AailRC \-ari(‘s for a similar loason. Some 
users yrefcr a creosote of a s))ecific gi avity Ijctween i .01 ami i .02, 
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JDO" C. 

traces. 


whkli, wlieii‘submitted to a disiilaitiim, in a retort yields 
to 00 per cent, under joo" . Otliersone of a specinc (rrayity 
of about i.opi. and wh'cb w^l not begin to di.stil ladow 200 C. 
and yields 70 pi'r cent, between this ])Oint and 2bo t.., when 
distilled in a fetort. P. D. Watasley and H. A. Morfey 1 give 
the following as a representative test of a suitable creosote for 
benzol recovery jiiirposes. ^ <1 

Distillation portion of test rmried out in a retort with the 
bulb of the thermometer immersed in the_ereosote. 

Specific gi\vity . 

Dropping point . 

“jo ]>er cent, distils over at 

80 ,, . 

Water content 

On cooling the distillate obtained UJ) to 300" to 4,5” I'ahr. 
and maintaining this tem])erature for thirty minutes, the solid 
naiihthalene settling out, on being filtered and jiressed, should 
not amount to more than 7 per ceip. * , 1 r . *1 

Dr Colman’s specitication of a creosote on suitable I01 tlie, 
oil washing of gas is as follows 

1.010 to 1.030. 

Immaterial. 

Should dejiosit vp naphthalene on 
being cooled down to 55 ^ bahr. 
Should not boil below 200“ (!. 
Should distil not less than 70 per 
rent. up to 300 ' C. nor more than 
1)0 per rent. 

For storage of creosote second-hand boileis may Ix’ used. 
Very froiiueiitly large tanks built of iron platLs or reinforced 
conCTctc, as described in Chapter 11 , are provided tor this purpose, 
and it is poliev to cover them. A closed steam coil, or cmils, 
should alwav's iie placed in the tanks, the iliameter of the tubing 
varying between i inch amt 2 inches according to the vze of tfio 
storage tank. At convenient points in the suction and delivery 
mains to and from the storage tanks a i-inch steam mlet should 
befitted. This will enable the punap m.an to clear the,mams 
with open steam after pumping, a most necessary proceeding 
when “ salty ” creosote has been passed through the mams. 

■ The fact that creosote is volatile and that this volatility 
di'cs not depend upon the presence of napljthalene altogether, if 
at all, must be borne in mind when considering rtie question ot 
storage. A few rough volatility tests carried out by tlie author 

‘ “ Some notes on lienzol Kccovcry and Kcctiiication.” Read before 
Manchester District Institution of Gas fin^mcers, Oct. 28th, lylO. has 
World, Nov,, p. 410. 


Specific gravity at 60" fmlir 
Tar a. ids 
Naphthalene . 

Boiling point . 

Distillation 
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'will illustrate this puint,. see Table XXIV. LUit dishes 6 cm. 
in diameter were emploved, Rivinj' a surface area of approxi- 
matc'ly 28.25 sq. cm., and the material was placed m the dishes 
to a depth'ot 0.5 cm. Some creosote oil was freed from tar 
adds by extraction with caustic soda and naphthalene by elulhng 
to o" C. and liltration, and the specific gravity of tins treated oil 
was I.0J5. A ]xirtion of this oil was used in the test 111 this 
stale while to anollier portion >/as a<l(led U'v acids and naphtha- 
lene, as indicated in Table XX 1 \', iiefori' submitting to the same 
comhtions'of test. *' 

•lAia.K XXIV 


Cn-nS()lc Inv fioni t.ir 
acids .iiid ii.iijltlhalcnt' 


's ‘ lAtss al 

l.os‘ al 

Z ' 6c>-(i<;“ p.ihr. 

loo'' ImIii 

X ; 


I'Cl Cflll. ‘ 

Pfi ifiil 

n ‘ 1 

? 1- 

48 2 la 

() 10 

(j(> ! 4 oi 

10 |() 


(. M'osolc foiil.iiiiMit' I t.ioimd t.iiidic 
KiptTH'nl t.ir .It ids .iiitl II iplithaU-ne 

2S |trl tout I 


l.nss at 
(xi-lis" J-altt 


I'cl (.flit 
J 10 


lews at l.wsat 

.o'" l-aln. l•o-"‘l" 1 m'" 


Pit cent ( Pirtfiit 


per (Ci't. 
I 00 


With reference to the metliod'. of testing, uniorlunately 
at the present day tiiere are no standards, and to a large e.xtent 
eacli chemist uses his own method lor the determination ol one 
or more constants. Some of the tests in use are given in t.hapter 

XVI 11 

Table XXV wliicli gives the degrees Twaddel, specific 
gravity and gallons jier ton will, no doubt, be found useful 
for reference when dealing with creosote. 


TAlil.lD XXV 


‘Tw. 

Sp. Cii'. 

('■dlls, per lot! 

12 

I.otio 

211.32 

11 

„ i-h 5.5 

212.32 

10 

1.050 

213.5.5 

0 

l.Od.’i 

‘ 2 I 4 '. 5.5 

8 

1.040 

21.5.38 

'■ 7 

1.055 

21(1.42 

6 

1.030 

217.46 

5 

1 1.025 

1 218.55 

4 

' 1.020 

219.60 
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• 

'Du' “ ” pioc'jss stiip])m^ by Uhc u1 wasli oil jilaiil rctpiiicd for 

ji.'s washers l)enzoliso{| oil -heat <‘xt ftan^ers pre- 

hLviUr.s--- still -I'onilcnsfr—soparatoi --i.rii<h' benzol renivers- -oil 
eooicis (lebeiuolised oil tank—pumiiS' jneters advantaj^es setuied 
by usiiiLj oil lor ji;as strip])in;‘—destriplion of process - kinds ol 
wash oils I'lleet ol tai a< uls in wash oil cttei 1 oi watci in wash 
ml liow to l<ee]> walei out ol wash oil •-sfeain supply to still theory 
ol extr.utionol benzeiioid liv<lroearboiis from j^as—amount ol wasli 
oil m Circulation sii})]ily ol wash od to w<i.shers re.u lum siiriai c in 
w.isheis •-teinper.itlire oi t'as and wash oil —tliitkcninf^ of wash oil 
debenzohsin^ wash oil—(oolm^ water speed wash oil should irafl‘1 
throiijih still deplilegmation to sepal ate n Jjihtj^ikin* <>rades of 
crude benzol conpiosition ol ciuik' Ik-iizoI 

SiNCK I()I4, owing to tile iin-reaM'd ileinaud for tolm-ne rcquiied 
for the luamifactuio of explosives, many gas eonipanies liave 
adopted a .-.yst' in of wasliing tlieir gas with tat. This system 
is known as the. “ C ” ])rocess and it results in removing some 
ol the benzene and toluene from the gas and, of tonrse, increasing 
tire pCiTentage ot tliese materials in the coal tar. 'I'lie following 
figures will illustrate this: Normal tar from \-ertieaI retorts 
(intermittent system) yielded 0.75 gallon ot toluol per ton, 
whilst a tar from the same system after being emjiloyed in the 
"C” process yielded .’.qi) gallons o( toluene piT ton, .Several 
Viorkers have found that the addition of a sii'all quantity of 
powdered limestone to tlu' coal before carbonisation increases 
the yield ol toluene in the tar, especially when used in connection 
with the “C" process. ( 1 . .Stevenson ^ of the Long Eaton gas¬ 
works gives tile following figures, Table XX\T, which illustrate 



TABLli XXVI 


..... 

— 

" 

—-- 


Nonnal 

LiniCittnut used 

• 

Lmicstonc • 


Carbonisation 

No. 



“ C” Washing. 

“C^W-ishing 

“ C ” W.isliiiig. 

Crude naphthas 

* 

17G C.C. 

7,20 c.c.’s 

508 c.c.’s 

Middle oils 

Toluctre in tar, lbs 

720 c.c.’s 

850 c.c.’s 1 

800 C.c.’s 

per ton ol coal • 

0.27 

o.*4i 

1.01 


’ Gus World. Jan. 2\\, ipi(>, page 103. 
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this statement. In eixln case the coals used were low-grade 
Tupton "Derbysliire ” scam, the (temperatures used in car- 
bonisaiion were the same, and tVe resuIVi were not obtained 
at- the e.xpense of either the quality or quantity of the gas. In 
each determination qooo c.c.’s of tar were taken. '' 

In the “ C” process the temperature of both the gas and 
the tar have an important bearing on the amount <if benzene 
hydrocarixms taken up by the ‘latter ; the higher the tempera¬ 
ture the less the amount given up by the gas to the tar. 
The temperature of thf'gas at the gas inlet to the'Washer should 
be about 65“ Lahr. and that of the tar inlet about ()0“ Fahr. 
This will mean that the* tar must be coe>led as welt as the gas, 
and unless the cooled tar is thin like vertical retort tar, more or 
less unsuccessful working' will result. The tar can be cooled 
by passing through a sexies of pipes which are water cooled by 
allowing cold water to trickle over them. Washers similar to 
those used lor the removal of ammonia from gas are ipiito suit¬ 
able for the carrying on of the “ C ” jirocess. 

The amount of tar made'at the gasworks is not sufficient 
to remove the whole of the benzene hydrocarbons from the 
make of gas, and according to Geoffrey Weyman* the maximum 
efficiency of the “ C ” process is about 50 per cent., at which 
about 0.15 gallon of toluene and 0.9 gallon <if benzene are left 
in the gas. < 

A far older and much more c-fficient and satisfactory process 
is that of g.as stripping by the use of a suitable wash oil. It 
appears that Caro in 1869 was the first worker to ase tar oils to 
remove benzenoid hydrocarbons from coal gas. Later, in 1882, 
George E. Davis and Josiah Hardman each patented a process 
for recovering benzol from gas by the use of tar oils, the fonner 
working his process in Manchester and the latter at Thorncliffe. 
Shortly after this coke oven works’ owners began to consider 
the recovery of the by-products from their coke ovens, and 
much cxjierimental work was done in connection with the re¬ 
covery of benzol from the gas, based on the ideas of the pioneer 
workers just mentioned. This cxjictimental work has resulted 
in the production <if some very efficient processes, and at the 
presenj moment (1917) the estimated amount of benzol recovered 
from coke oven gas it* ajiproxiraately j8 million gallons per 
annum. 

Recently, owing to the great European crisis, this process 
of stripping gas has,been introduced into gasworks practice, 
and many ga.'fworks, both large and small, are carrying it out 
with every success. It is highly probable, if the adoption be*- 
comes general, that a yearly production o\ about 55 million 

* " The Effect of the War, on Gasworks Practice.” Before Nortlj of 
England Gas Managers’ Association. Gas World, May 13, igiO, p. 444. 
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gallons will nsnlt. At the outset tlicr,' were fears that the 
stripped gas would displease the consumer and woukl_ prove 
unsuitable lor use in.the flat,flame burner, but these fears have 
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te divin’d. Complctpjy f.tripjx'd gas can be enriched by the 
use of carburetfed wiiter gas, or I))',s[iraying it witii paraffinoid 
liydrocarbons, 

' The ])lant recpiired (or stri[)])ing coal gas and debeiizolising 
tile wasli oil need not lie a complicated one, Kricfly, it consists 
ol a washer in' scrubber, a biaizolised oil tank, heat exchangers, 
preheaters, still, condenser, separator, receievrs (or crude benzol, 
oil coolers, a (kbenzolised oil tank and the necessary ])umps. 
Reference to I'igs. hti, (>f), and (i()A will give the reader an idea 
oI the arrall.geinent ofiliis jilaiit. ’■ 

With reference to the kind of washer or sciubber, this may 
be o( any efiicient tyjie as now eiU]iloyed in a gasworks for the 
jiurpose ol ammonia recovery. The onhnary tower scrubber 
tilled with boards, tlie Livesey w.isher, the U'alker jmrilying 
ap])aratns with rocking airangeim'iit, and several types of 
rotary scrubber have been used with success. In the case o( 
the scrubber filled with bo.ards it is as well to distribute the wash 
oil at the top/>( t!ie apparatus by means of several (inrney's 
jets. Provision must be madl', say by the use of T pieces and 
plugs, to allow' the jets to be jioked through with a wire should 
they become obstructed, and it is also necessary to suiijily the 
wash oil at a ]U'essure sullicient to cause a lorcible impinging 
on the iliscs of the jets. If this is not done the oil will not be 
siiraved in an cfticient mannei. Some works have found it 
an advantage to arrange that the upper halt of the washer be 
siijiplied with delx'iizolised oil and the lower half with re¬ 
circulated partly benzolised oil. In other works two siparate 
washers are emiiloyed, one for the debenzolised oil and the other 
for partly benzolised oil, providing for the unwashed gas 
to enter first that W'ashcr sup])lied W'ith the partly benzolised 
oil. As the etheieney of the stripping process depends upon 
the reaction surface presented by the packing in the scrubber 
and the length of time the gas and wash oil arc in contact, due 
consideration must he given to these matters and a scrubber 
put in of sufficient size to deal with the daily make of gas in a 
satisfactory manner. Dealing with a scrubber packed with 
the usual w'ooden hoards, a surface area (reaction surface) of 
between .=io6 and .AVi square feet should lie allowed for each 
ton of coal carbonised per diem. These figures correspond 
appro.ximately to i6 cubic feet and i8 cubic feet of tower space 
respectively. In order to "pro])erly control the supply and 
keep a constant head of w'ash oil, a feed tank of suitable size 
should be ereuied above the scrubber. 

The benzolised and debenzolised oil tanks may be of any 
suitable shape and size. Cylindrical tanks made from second¬ 
hand steam boilers from which the tubes have been drawn 
and the ends blanked will serve this purpose admirably. A 
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manhole must bo provided for the purpose of cleaning, etc,, and 
also a hole for the inlet ])i])e at the top oi the tank and another 
for the outlet ])i)ie with its centre about 4 inches from the bottom. 

Mo.st benzol recox'ery plants have heat exchangcTS and steam 
heaters, through which the benzolised oil passes before it enters 
the still; others are providi^d with a preheater only, and there 
are cases in which these pieces of apparatus are dispensed with 
and the benzolised oil flows direi-t into a fire-heated still. 

Heat exchangers are for the purpose of assisting in the 
cooling of the, debenzolised oil after it h'aves the still, and the 
heating of the benzolised oil in its progress towards that piece of 
apparatus. They consist of c-overed cylindrical or other suit¬ 
ably shaped tanks of cast- or wrought-iron, into which arc 
jilaced coils of pipe constructed of eiiher cast- or wrought-iron. 
Wrought-iron tanks and coils ari' suitable only in cases in which 
corrosion is slight, but when it is to be feared that ammonium 
salts such ,as the chloriile are likely to be carried through the 
plant, then it is W'isc to use cast-iron, as tins metal resists the 
corrosive action of ammonium chloride and other ammonium 
salts better than does wrought-iron. In order to facilitate the 
cleaning out of the tank, say after brushing down the coil, there 
should lie provided a 11-inch or g-inch cock at the bottom ; 
the slurrv can then be flushed out through the cock. The 
hot debenzolised oil ]>asses through the tanks and the benzolised 
oil through the coils, the former losing hea'f and the latter 
gaining it duiing this progr<‘Ss. The inlet for the debenzolised 
oil is iilaced at the to]) of the side of tiie tank and the outlet 
near the bottom. The coil inlet and outlet are at the top 
of the tank, and the coil is so arranged that after it enters 
the tank it falls in a straighf piece to the bottom and then rises 
in the form of laps until it reaches the outlet. It i.s unwise to 
make the laps too close together ; a distance of about 3J inches 
between each lap must be allowed, and the outside of the coil 
should be not less than 6 inches from the inside of the tank. 

In some plants the hot dehenzolised oil circulates through 
the coils of the heat exchangers and the benzolised oil which 
is to be heated through the tanks, and in cases like this it is 
recommended * to fit a vapour pifie to the cover Dt the tank 
to conduct away any benzol vapours which may be formed to a 
condensing coil, and also to ])ut in a baffle chamber to prevent 
any wash oil being carried over intathe condensing coil. 

The object of the preheater is to raise the benzolised oil to 
a temperature just before entering the stHl at wjjich the maxi¬ 
mum amount of crude benzol will be removed from the oil, and 
which will prevent, the entanglement of water by the wash oil 
and enable tile oil to leave the still carrying a minimum quantity of 
. 1 Gas World, Nov. i8, n^iO, p 4^. 
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♦.ator, ' A prchoator consists of a covered cylindrical, square or 
rectangular tank, confiiinmg a steam coil arranged in the form 
(){laps In cases in which corrosion is anticipated the ta^nk and 
coil must be of cast iron for the'reason just mentioned when 
dealing with heat exchangers,^ otherwise the tanik niay be ot 
mild steel and the coil of wrought-iron steam pipe. Where 
corrosion has to be considered j. A. Wilson i recommends the 
following as a good constriietion for a preheater. A rectangular 
tank “built uj) of a few strongly flanged sections, with cast- 
iron U-iriiiQs for the stuam, these to be free at one epd and jointed 
to the outside ot the still at the other, the jiijies being eomiected 
to each other bv short,U-beiids, and being fixed honzontallv, 
so that the oil mil havi' an imjiiiigiiig action on them in its 
upward How through tke jireheater.” This worker advises 
against the use of gilled steam jiijies, as they readily collect 
solid matter as it is dejiosited fioin the oil .and thus reduce the 
be.ating etlicienry of file coil. .\s a dejiosil of some sort is likely 
to form on any ivpe ot steam jiijie it is advisable to arrange for 
a means (an e'.isilv removed .cover, for instance) by winch tlie 
coil can be brushed down from time to time, and in this con¬ 
nection it is a good jilan to lit a il-ineb or 2-inrh cock to 
the bottom ot the tank, througli wliich the slurry can be re¬ 
moved. The lajis of the coil should not be too close togellier; 
a dist.anee of at least 4 inches being .allowed between each 
iai) The inlet ‘tor the bimzolised oil is on the side near the 
bcittom of the jireheater tank and the outlet on the oiijiosite 
side near the top. It is advisable to tit a vajioiir jiijie to tlie 
cover in order that any crude benzol vaiioiirs which come ott 
from the heated benz.olised oil may be conducted to a condenser 
coil it can be so arranged that this vajiour pijie leads to the 
condenser coil which is connected to the vapour pipe of the still. 

Where it is intended to adojit fire he.ating for the jaurjinse 
of distillation a still of the pot tyjie c<an be used, similar m con¬ 
struction to that illustrated on page 31, Fig. 12, but without 
the internal steam pipes. It is constructed of wrought-iron or 
'mild steel jflates, with a cast-iron swan-neck and yajiour pipe. 
In setting the still there is no need to put in a curtain arch. 

The best land of still, and the one used in the larger number 
<jI plants, is of the continuous tyjie, and it consists principally 
of a tower built up o‘f cast-iron,segments or chambers. The 
design of these segments varies a little according to the ideas 
of the makcTS, but broadly speaking there is a great similanty. 
Each segment witJi Vhc exception of tlu* top and bottom ones, 
has a plate cast on it, and each plate is pnmded with one or 

1 ■■ Some points in the recovery of Benzol.” J. A. Wil^n, read ^fo^e 
the Coke Oven Managers’ Association, Midland Section. Sec Gas World, 
Coking Section. Dec. 2. iQiO. pp. 
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two overflow'pipcs, and several inl('t,s over wliicli arc placed 
hoods or dispersers. The inlets and overflow pipes are .so 
arranged that a seal (jf oil rfmains on each plate. As a ihatter 
of fact the illustration of the column on page 334 gives a typical 
idea of (he .anluigeiueut. The svgmenls, with the e.xception of 
the top and bottom ones, are a])])ro.\imately » fo(>t deep 
and 3 feet 9 inches to 4 feet in diameter, flanged, and provided 
with perfectly faced joints. 'Pin' top segment is .simply a shallow 
dome with an outlet ca,st on the top, in the centre, to wliicli is 
fi.ved the v'.ip,-.-ir pipe. With regard t-’^he bottom segment, 
this is much larger than (hose which compose the greater part 
of the still and there is no plate cast mn it. A])pro.\imatcly 
the size is 3 feet 9 inches dee]). On this segment are cast an 
'outlet for the debenz.olised oil and aif inlet for (he live steam 
supply. In some cases there is a second iidet for the pur])ose 
of introducing a steam sujrply to a closed steam coil. This 
latter arrangenieni is eons'chsed by many workers, and also by 
the writer, to be an advantage. The live .s;a •i,n,is introdueed 
into the still by means of (wo jef.t or a small open steam coil 
provided with a few perforations. On the third segment from 
the to|r is cast an inlet to which is connected the ben/.olised oil 
supjily. It should he mentioned here that some stills arc 
provided with a liaf'flc chamber (which is fitted to the top s<‘g- 
ment) and on the top of which is ti,\ed a vapour.pipe. In cases 
like tliis the inlet for the benzolised oil is cast on the top segment 
of the still proper. The number of segments provided with 
plates varies somewhat according to the make of the still, but 
a good average is twelve when the still is not provided with 
an “ outside ” dephlegmator. If it is desired to connect a 
dephlcgmator to the still then the latter must not be too high, 
i.e. there must not be too many segments in its construction, 
or else dephUgmation will take place where it is not wanted, 
that is in the still. The number of segments in cases like this 
should be about eight. 

The purjiose of an “ outside ” dephlegmator attached to 
the still is to remove much of the naphthalene from the wash 
oil and also to prevent it getting into the crude benzol. This 
excellent idea was advocated strongly by the late Mrtj. Stanley 
Cooper, a clever and much respected workec especially in matters 
relating to the coke oven and by-products industry. The 
construction of the dephlegmator vaties according to the ideas 
of the maker or the designer. One type is very similar to that 
illustrated and described on pages 135 and 136. The diameter 
is, however, rather greater, being about 3 feet, and the over all 
length less, vaiying between 4 and 5 feet, and the water tubes are 
not quite so close together. Another type of dephlegmator isWlt 
up of several cast-iron segments, each water jacketed and pro- 
o 
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Vidcd with a ])late on wlijdi are inlets, hoods and ovcrllow pipes. 
The number of segments containing plates varies, but it is usually 
hetwetm live and six. In the tube deplilegmalor the vapours 
from tin; still enter at the side, near the top, and the uticondenscd 
vapours leave at the side, near, the bottom, hut ill the plate type 
tile vapours enter the side of the bottom segment and tlie 
uncondensed portion leaves at the top from an outlet cast in 
the centre of a shallow donv’ which is bolted on to the top 
.section. In both types the condensed liquid, oil containing a 
quantity of naphthah'.ie, leaves at the bottom and is conducted 
away to cooling tanks in which the najihthalene sejiarates out. 
It is not wise to place the dephlegmator loo far away from the 
still; a distance of about 4 feet is quite enough. 

Cooling tanks for the purpose of receiving and cooling the 
oil which leaves the dephlegmator, in order that its excess of 
naphtlialenc may separate out, should be' constructed of 
mild steel plates and erected under cover, but away from any 
source of heat. Tfiey should he shallow, say about 2 feet 
deep, and of any suitable te-.igtli and widtli to suit the volume 
of oil to be dealt with. If a means of refrigeration is already in 
existence and an extension can be convi'niently made to those 
tanks, it will be an advantage, so far as .speed and complete 
separation of naphthalene are eonrerned, to use it. Circulating 
cold water through pipes resting on the bottom of the tanks 
acts fairly well in the summer time. 

The condenser attaclied to the still consists of a length of 
wroiight-iron tubing or several lengths of cast-iron pipe arranged 
in the form of a nnmber of laps and jilaced in a cylindrical, 
square or rocfaiigular tank according fo coiiveiiieiice. Con¬ 
denser tanks and coils have already been dealt witli on pages 50 
and 51. 

A rlescription of a suitable separator or divider will be found 
on page 5.5. 

As a receiver for the crude benzol a cylindrical, square or 
rectangular tank constructed ol mild steel plates can bo used, 
according to convenience. It must be a covered tank, the 
joints of whicli should be double riveted and well caulked. On 
the top of the tank is a manhole with a tight-fitting lid, a hole, 
say ii inches, for the inlet pipe and a |-inch hole which acts 
as an air vent and which can also be used for dipping purposes. 
A 2-inch outlet pipe is fitted on the side of the tank witli its 
centre aliout 3 indies from the bottom, and it is as well to fit a 
i}-iiich drair cock bn the bottom of the receiver. This will be 
found useful for cleaning purposes. 

Oil coolers vary'.somewhat in construction. In some plants 
they' consist of a number of flanged cast-iron pipes, placed 
horizontally, and connected with U bends, and arranged in 
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tiers of six or I'nore, or on the flat in a tan!,'. In tlie case of ffle 
former arrantjemeni the bott^om (ier of pipes is snspendej in a 
tank, generally eonslrneted oj eonerete, and all fbe pipes arc 
water cooled, tbe ujiper’tiers by means of w.-iter sjnays or water 
trickling over tnem and the bottom laxcr by tlie water in tlie 
tank, winch must, oi conrse, be kipt on the move. In tlie latter 
arrangement the pipes are totally immersed .n water, of which 
there must be a iilentiful snji])^’ passing throngh the tank. 
With I'cfci'ence to the area of cooling surf IC'^, see ]>age JJI. 

Sometimes •i'he cooler is construct eel'm a simila* nianuer 
to an ordinary still condenser and ])laceil in an iiright position, 
or else it consists oi a nninber oi tubes‘swelled into two tube 
plates and litted into a cylindrical iron yssel, the wliole arrange¬ 
ment being placed in a verticiU or horizontal position. 

Pumps may 1 -g- of any reputable make, either of the ram or 
centriingal tv]>e. So far as eiiicieiicy is concerned the latter 
tyjie of ]ninip is the l)etter to use, and as thev are designed to* 
high lifts, from a.i feet to 50 teet or even mifii, rtieie need be 
no fear on this siwe. A si-'ccial t\pe of rotary pninp suitable 
for dealing with wash oil is now on the ni.ukei. It is capable 
of pumping oil at a teinjieralnre of mo" and ran be used with 
a suction lift of up to 8 feet. This ]mm]) is made by the Roots 
Company of ConnellsviUe and according to the makers 75 to 85 
])er cent, of the power ajiplied to the opeiating sltaft is absorbed 
in doing iiseini work. 

It is a wise plan to provide a means liy which the supply 
of debenz.olised wash oil to the scrubber and also the supply 
of benzolised oil to the still can be controlled. This ran be 
tione by the use of a meter and a cock jirovided with a (piadrant, 
feeding by gravity from a tank in either case. A gauze sieve 
must be placed befoie the inlet to the meter for the 
purpose of kee])ing back jiarticles of solid matter, and the 
sieve should receive regular inspection to see that this material 
is removed from it. With reference to the meter, a certa.in 
amount of trouble may arise in regard to coriosion, but theie 
is no doubt that with proper representation makers will be 
induced to construct meters of a specially resistant miital. 

The plant used in working up crude benz,oI, and tliat.ern-' 
])loyed in making rectified benzol and toluol, has aliead\' been 
described in Chap. IX, and the re^Yler is referred to it for 
information on this subject. 

There are several advantages secured by using oil instead 
of tar to recover the lower benzenoid hydrocarboiTs from coal 
gas. The chief of these are :— , 

I. VariatioiT in atmospheric temperature does not seriously 
affect the efficiency of the process; during the winter months 
the oil does not thicken up like tar. 



*212 


COAL TAR D1ST1LI,AT10N 

2. The strippiiif; |if Hie gas can be carried oui lo romjiletion 
or pvtiallv, as desired. 

If tlie process is pi'ojrerly \vorked oaphtlialene is remo\'ed 
from the gas in a vc'iy eflicic'nt manner." ^ 

The benzol recovery (Hoet ss is a contimions one, tlie wasli 
oil first jiassing tlirougli the- scrubbers and from fliese lo the 
benzohsed oil tank, tlienee onward lln-oiig)i thi' heat cNchangers 
and superheater to the still.' In the still the benzolised oil if 
relieved of its crude benzol, and then it jiasses through the heat 
exchangers and from these to the air coolers alitl liiiidly to the 
debenzolised'oil tank, h'rom this rece]ttacle it is. pumped to 
the first scrubber and from this piec<! ot a])|)arattis the whole 
jirocess is rejieated. fhe wash oil continues in circulation 
until it becomes ” .ijient ” oil, which is thicker and its specific 
gravity and distilling range higher tlian that ot the original 
“ fresh ” oil. It is then rejilacisl by a fresh su|iply, or else a 
‘certain percentagi' of the wash oil is lemoved from circulation 
at regular intf.TV'.'iis, 

The quality of the wasl’i oil ])lays an important part in the 
elficiency of working and shonld receive due consideration. 
Several kinds ot oil liave been suggested as .suitable loi use in 
the stripping ol gas, the chiel of which are ; - 

‘ Moderately light creosote oil. 

Heavy creosote oil. 

Strained anthracene oil (green oil). 

Petroleum distillate (gas oil). 

Shale oil distillate. 

Blast-furnace oil. 

Although the shale oil distillate and jietroleum distillate 
(gas oil) possess good benzene and toluene absorbing powers they 
have not leccived general acceiilance, cbietly on account of the 
risk there is of obtaining a crude benzol containing parallinoid 
bodies. A crude benzol containing these bodies is not so valu¬ 
able on the market on account of the difficulty, and in some cases 
almost in?])ossibility, in separating the jiaraffmoid hydrocarbons 
"from the rectified products. The fact that gas oil is free from 
naphthalene and iS' an excellent solvent for this substance is 
certainly in its favour. At tlu'' time of writing it is being used 
at some works with good results, but it is undoubtedly a well 
chosen oil. If a petroleum distillate wliich on distillation yields 
nothing below say 170° C. is employed the risk of obtaining 
rectified products containing paraffinoid bodies is much reduced, 
and with careful working up of the crucle benzol satisfactory^ 
results may be obtained. When, however, oils of a different' 
class (e.g. creosote oils) wliich introduce no risks of this kind 
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can be easily secured, tlien it is wise to use them and trf avoid* 
parallin oils. ' • 

In regard to the cr^osiiles and .strained anthracene oil, 
these materials seem tli,be in greatest favour and are used very 
largely, particuiarly the lii'avy creosote. It appears that a coal 
tar creosote boiling between' 220* and 2(15“ C. e.xVacts benzol 
and toluol from coal gas better tluiii the heavier coal tar dis¬ 
tillates, but this is not the only factor in the case. Consideration 
must be given to the amount of wasli oil (creosote) which will 
come u''er wilj'. tlie crude benzol during ^iie deben/.ijising pro¬ 
cess. Using a creosote with a low disiilifng range will result 
in a larger* amount of its lower boiliiif^iioint compounds dis¬ 
tilling over with the crude bi’iizol than if a creosote ot a-higher 
distilling range be emiiloyed. In thi* res])(‘ct it is an advan¬ 
tage to use (ine jiossessing a distilling range, say, between 250° 
and ,125" C., altlJiugh the benzol-toluol absorbing power is not 
quite so great. However, a creosote of this distilling rangf 
has one disadvantage, and that is its rathci I'jgh viscosity when 
compared with lighter fractions. This re.ailts in lather a lower 
efficiency in regard to it- stripping powers, especially during 
the cold weather, and it also lenders the oil a little more difficult 
to cool alter leaving the slill. Bearing all these facts in mind, 
and witli a desire to secure as high an efficiency as possible, 

It is best to use a creosote with a medinin distd'ing range and to 
employ careful dephlegmalion to separate Irom file eriide benzol, 
immediately it leaves tlie still, as much as possible of the wash 
oil wliieli is carried over. One of the liest specifications of 
a creosote toi gas slri]iping which has come to the wi'iter’s 
notice is that given liy Walmsley and Morh-y, I his has been 
referred to in Chap. XVII, page igi), but for the sake of con- 
venienee the distilling range is given here. It is ■ 

Urojipiiig point .... 2lo'’-22o‘’ C. 

50 per cent, ilistils over at . . 250° C. 

80 „ . 300" c. 

• 

.Mthough the distilling range oi strained oil (green oil) is 
high it is not so suitable as heavy creosote on account of its 
higli viscosity and its low benzol-toluol absorbing property.^ 
A strained oil having a specific gravity of i.ioo, on distillation 
in a Wurtz flash, the thermometer being in the vapour, bulb 
opposite the outlet, showed - 

up to 220'’ C. . . ■ ■ * 9 per,ceiit. 

' „ 240" C. . . . . 14 ” 

•„ ;36o° C« , . . . *18 

„ 280° C.28 „ 

„ 300° C. . . . • . 40 „ 
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'■ iMihliiT spi'fificaliijn-; iif crcusdtcs used in theuprocess of gas 
stripping are as folloV.'s 
' 

(rf)' Speeilic gravity at 6o" )''alir. <. 1.040 


Tar .acids .8‘per cent. 

Distilling n]) to 200 ’C. . . . 0 „ 

220“ C. . . . 20 ,, 

„ 2.)(i‘(',. .. . . 35 

,, .. 2(10" ('. . . . 05 

.. ..if'^o'C. . . . 75 '.. 

.. ■ .loo" ('-. . . . 85 

(/p - Six'cilic grax'ily . . . 1.07,7 


Naplitli.llene 
IVlow 20ir ('. 

„ 220" ('. 

„ 240" C. 

.. 2(X)" «■'. 

„ 2So“ (:. 

,>00’( . 


21.6 per cent 
o.f 
1 ( 1.5 
T'-.l 
(ii.o 
70.0 
78.0 


It will be observed tliat in tlie last speritication the content 
of naphthalene is high, )iarlienlaily for a wash oil. Tlie najihtha- 
li'ne trouble is the gasworks managers’ “ nightmare,” and any 
means by which this trouble can be reduced is always welcomes 
In the process ol stri])ping gas tlie content ol najihthalene, 
in the gas is usually reduced by the solvent action of the wash 
oil, but if a wash oil is employed which contains an excess of 
naphthalene the opposite resiiU will, in all jirobability, be ob¬ 
tained. jiarticularly il the ]ieic,cntage of naphthalene in the gas, 
before washing, is low. It is ilesirable on this account to begin 
with a fresh wash oil practically free from naphthaletie and to 
see to it that that which is ])icked up from the gas is removed 
duritig the debenzolising process by dephlegmation, or else 
, allowed to crystallise out of the debenzolisod oil by chilling 
’ atid settling in suitable tanks. 

That washing the gas with oil removes much of the naphtha¬ 
lene should be a strong recommendation to gas engineers to 
' instal' a stripping plant, but in doing so they must not lose 
sight of the fact that''the wash (?il removes from the gas much 
of the material (benzene, toluene and xylene) which holds 
naphthalene in suspension, and that any naphthalene which still 
remains in .the gas ‘may deposit somewhere and cause trouble. 
This may be prevented by spraying into the gas (after it has' 

^ The Gas Chemists'' Summary, 1915, p. 82. ** / 

Effect ot the War on Oiisworks Practice.” J. Weyman, M.Sc. See 
Gas World, May 13, lyiO, p. 4*15. 
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been stripped) a suitable solvent by one of the wcll-kno\«li 
processes, and by doing this tlie gas will afto be enridied. 

At the present tin^e (191^) blast-furnace creosote is redeiving 
attention in conn('cti(»i with* its suitability as a gas stripjiing 
material. It ifossesses the following advantages : 

1. The naijhthalene content is practically nil. * 

2. It is a good solvent for benzenoid hydrocarbons. 

3. It is an excellent solvent*for naphthalene, much better 
than co.al tar creosotes. 

4. It has ,1 high distilling range. Ti.Pri*is oni'dis?idvantage, 
and that is during the cold weather it is liable to become more 
viscid than a suitable coal tar creosoti* with the results men- 
lioned on ])age 21J. 

I'nforlunately, the volume iiroduced annually is much less 
than that of coij tar creosote, and this liiiiits its use. It can, 
however, be mixed with the coal far ]nodurt with advantage. 
Owing to the high germicidal value ol the tar acids containi^l 
in blast-turnace creosote it is much sought after ky disinfectant 
manufacturers, who extract all or most of the tar acids, and who 
are generally in a position to supjily the extracted oil in a con¬ 
dition eminently suitable for gas stri]>])ing. A specification of 
a blast-furn.ice oil is given by (ieoflrey Weynian,’ which is as 
follows: 


S|)ec,ilic gravity 
i\a[)hthalene 
Below 220" C. 

„ 220” C. 

„ 240" C. 

,, 2(10° C. 

„ 2S0" c. 

„ 300° c. 


trace 

4 per cent. 

7 .. 

24 „ 

4 <> 

.-iS 

72 .. 


■Some ])articulars of blast-furnace oils which are at present 
being used for gas striirping are given in Table XXVII. 


TABLh: X.WII 


I'lT Cl’Ut. U]) lo 


at 

, i^^C. 

At kI-s 

ptTCOUt. 

V\ .lUT 
[HTLent. 

24<>'’ C. ' C. 

• 

aKo" C. 

• 

loti^C. 

C. 

! 0 961 


0 5 "i 

« 

7 20 

4 .i .It 

80 

1 0 9()0 

40 

trace ^ 

8 ; 2 i 

4 ^* .to . 

79 

! 0.901 


, I* ' 

6 2 1 

44 , 

02 

81 


* “ Effect of the War on Gasworks Practice/’ See Gas World, May 13, 
1916. p. 445. 
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^ The point as to wlitTher it is an advantage fo use a wasli 
oil containing tar acifls or not remains as yet unsettled. It is 
an established fact that tar acidit ar(' excellent solvents for 
naphthalene, while coal-tar hydrcfcarbons are very poor in this 
respect. This fact alone seeijis to deci<le in favour of using 
wash oils of rfhe coal-tar creosote tyin- which coniain tar acids. 
These remarks do not ap])ly to blast-furnace oil (tar acid free) 
as the hydrocarbons contained in it are excellent na))hthalene 
solvents. To illustrafi' these f.icts the writer gives (he tollowing 
figures, T.Tlde XX\'} 1 I, obtained by him some tune ago under 
strictly comparable conditions, in the table the solvent power 
of tar acids extracted from coal tar creosote is taken as loo. 

T.MiLH \XVII1 

Naplith.ilciio 


MatoriAl. ^ tsitlvciit 

power 

' Coal tar acids from creosote . . . loo.o 

Creosote fal cfnitaining as jier cent, tar acid 26.5 
Creosote oil free from tar acids . . 10.2 

Blast-furnace oil free from tar acids . wH.ij 


The effect of water in the wash oil on its extractive power 
is one which requires carefid consideration. Practice has shown 
that as the pero’-nlage of water in a wash oil lises, so does its 
absorptive (or extractive) power decre.ase. h’or instance, an 
oil containing about 3 ]>er cent, of water will absorb apiiroxi- 
matelv .ib per cent, less benzenoid hydrocarbons than a water 
free oil, while one containing 7 per <-ent. wdl absorb 45 per cent, 
less. When purchasing an oil tor gas stripping it should be 
laid down that it must not show more than 0.3 per cent, of water 
when submitted to a distillation test. It must not be forgotten 
that there are other channels by which water may get into the 
wash oil. Tor instance, the gas carries a certain amount of 
water in the form of vapour, which, it the wash oil is at a lower 
■temperature than the gas, will be taken up by it. It is necessary 
on this account to see that the wash oil as it enters the washer 
is at a slightly higher temperature than the gas, say about 2° C, 
Water ma;!' also get into the oil during its treatment in the 
' deben'zolising still if fhis piece of apparatus is steam heated. 
As already mentioned, steam heated stilts are fitted with “live” 
as well as closed steam coiR, and if the st-eam is wet, that which 
leaves the open ste^m coil will deposit water in the oil, partic¬ 
ularly if the (ril, as it enters the still, is at too low a temperature. 
To avoid this it is wis<; to superheat the steam a little or pass 
it through a water separator before allowing it to enter the still. 
If the benzolised oil is too low in temperature when it enters 
the still it may bring about condensation of the " live " steam 



aAS STRIPHNG 217 

• • 

even when tltis is sii])}i!iecl in a cnmparalivcly dry state. Yo stt^r 
clear <if this the teni]ierature at wliich tBe henzolised oil enters 
the still and that at which tlie debonzolised oil leaves It must 
be properly controlle<4. Tht' teniperature at both these points 
should be" at* least 10“ C. aho''e the boiling point of vpater, 
being a few degrees lower at the outlet than»at the inlet. 
Various temiieratures have been recommended from time to 
time, but in the opinion of th» writer an inlet temperature of 
115“ ('.. and .an outlet temjx'rature of no" C. will, in most cases, 
give sat i'-f.u 1-iry results. It must be :-oine in mind that the 
higher the temjieratuie iisial in the still, the greater the possi¬ 
bility of Jorming di'composition iirodirts in the oil, and thus 
hastening its ‘'.thickening ” and the shortening of time fd service 
of all or part of it. Thickening of tl*i' oil is also brought about 
by the loss of the lighter iiortions durnig steam distillation 
in the debenzoltsing still, and in some cases by the tar which 
it picks up from the gas, when the gas is not ciuite tar free. • 

It is convenient at this ])omt to mention,again that the 
steam supplied to the still should he dry, and, with advantage, 
slightly suiierlieated. That which passes through the closed 
coil, which is titteil in some of the debenzolising stills, witl give 
good results it it is at a jiressure of between (m llis, and Ko lbs. 
to the square inch. With regard to the “ live ” steain which 
enters the stdl vii' the peiTorated coil or steajn jets, this must 
not be introduced at too high a irressrtre or some of the un¬ 
fractionated oil will lie blown over with the crude benzol. On 
the other hand, steam suppilied at too low a pressure will riot 
properly fractionate the oil, because as it meets the descending 
oil at each plate its temperature and pressure fall until finally 
it reaches a stage, near the top plates, at which it cannot suffi¬ 
ciently agitate and heat the oil nor " lilt ” the crude benzol 
vapours to the vapour pipe. Further, steam at very low jircssures, 
unless superheated near the stiU, is very liable to be wet, and 
this, in addition to a fall of pressure due to the exjiansion in 
the still, will introduce the risk of some water being deirositgjl 
in the oil. Steam is always reduced in pressure by throttling 
or wire drawing, and this process takes place w'hen the steam 
passes the control valve and also when it leaves tlu* perforatipns 
in the coil or jets. Hence a supply froin a boiler at a r^ry lofr 
pressure would bi' reduced further on entering the still, and 
in spite of the fact now to be mentioned it is not an advantage 
in this case. When steam is throttled or wire drawn it is rendered 
less wet than it was originally, and in f.acttf it is ]jot inordinately 
wet it is dried and possibly superheated (this is not the case if 
the preskure.is reduced by e.xpansion). It follows from what has 
been said that steam should be supplied from a boiler ♦'orking 
at a good pressure, say between 60 115 s. and 80 lbs. to the square 
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iiVIi : il must be dry ; jind it should enter the Vitill immedi¬ 
ately alter being redfte.ed in pressure by throttling \rith the 
controf valve near the sti'am inlet. 'This yalve can bo carefully 
openerl by the ])hnit man and th'e supp'y of ste.Tin into the 
still regulated according to tl,'e flow of condensate Iron) the 
worm end. •' 

'I'he bonzenoid hydiocarbons e.vist in coal gas in the form 
of vapours, or for all ])ractiral<pur])oses in the form of gases ; 
Ihjuids when converted into vapoms obey all the laws of gases. 
In the process under yorsideration we may ennsidfu these bodies 
as indifferent gases when comjiared with the solvents used to 
extract them. The removal of active gases, t.e. those whieh 
will react easily with an absorbing medium, is a simple matter 
compared with that of tht' absorption of indifferent gases. In 
the former case chenueal absor])lion can be brought about by 
the employment of a suitable absorbing medium and making 
US'; of the ionic state, but in the hitter case, having non- 
electrolytes to jdi'ali with both in regard to the gases and the 
absorbing medniin, it is not possible to take advantage of an 
ionic st.itc, and the process will proceed much more slowly. 
Bearing in mind the law which governs the solution of gases 
111 luiniils. viz., "given a stale of c(piilibrium, the concentration 
ol a gas bears a constaiil relation to th.it of the solution,” 
the term concentration indicating the .iinount ])resent in a unit 
volume, we shall lie able, briellv, to consider the theoretical side 
III g.is stripping. Now, the concentration of a gas and the 
iliiantityol it which can be dissolved in ahr|uid arc proportionid 
to the iiressuie and, naturally, to the natuie of the substance 
Used as a solvent. .\lso, the feiiiiieiature of both the solvent 
anil the g.is w'ill exert their influence. 

Ill the process under consideration the separation by absorp¬ 
tion i>f gases (vayiouis) of a similar nature, i.v. the lower 
benzenoid hydrocarbons, Irom a mixture of dissimilar gases 
is aimed at, and tlie lollowiiig yioints should be borne in mind, 
'file unabsorbed gases (vayioiirs) will carry away with fliein 
a certain amount of the material iisi'd as the solvent, this amount 
varying aeeording to the vajiinir jiressnres. In any ease it is 
not \’ery cMisiderable. It is neeessary lo use the counter 
Arri'ci;/'system of washing; to exyHise the largest jiossible re¬ 
action surface in regard to the gjis and the solvent, together 
with snificient time of contact; and to maintain a certain amount 
of agitation of the absorbing licpiid (the wash oil). The reasons 
are as lollowsi As the absorption of the vapours of the ben- 
zenoid hydrocarbons goes on their partial pressure in the gaseous 
mixture becomes less,'and it is therefore neftessaiy. in 'order to 
obtain'the greatest possible alisorption to bring the strongest 
solution (partly benzolised oil) into contact with fresh or un- 
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washed gas, Riid f.esli wasli oi] into contact witli partially waslft?d 
gas. This can only be done by using \]\{*counicr ciirrcnl system. 
The larger tlic reaction svrhice in the waslior combined with 
a properly legulated ^upply*of wash oil the greater will be the 
surface of cofttact betwe('n tin- gas and tlie solvent, the latter 
being spread out in thin films and the former vi(“ll brohan up 
into se))arate currents. Now The greater the surface of con¬ 
tact, combined with a reasonable limit of time for action, the 
more elhcient will bi* the ab;-ori)tion of tlu* hydrocarbons by 
the wasli oj^ .this efficiency l>eing inc’-ased, of co’irso, by the 
ado])ti(n’ of the counter ciintnit jirinciple as just mentioned. Jf 
the wash Ail is agilattal it is ])roken upiyto drops, and tJie smaller 
these drops thf govater tlu^ surface of contact. Agitidi<'n is also 
necessary in onliT to assist in the dis^ennination ol tlie dissidved 
gases throughout the wash nil. Agitation is obtained nu'chani- 
cally, t’.g. by tiff use of tlu' Walker ]uirifying a])])aratus, or l)y 
force of gravity, c.g. in tailing from one board to anotlier^is 
in tho board-])acked waslicrs. ^ ^ 

Th(' amount of wasit oil in rcirculation has an important 
bearing on the effiCK'ncy of IIk* ])lant, and it should be caro- 
Inlly c(>ntrolled after a decision has bei-n conu' to os^o tlie 
best volume to us(‘. On ]>lants in various parts oi the country, 
the amoant of wash oil used vaiies between 55 and 120 gallons 
])er ton of eoal earlHniised. TIk* volume should differ accord¬ 
ing to the degree ol saturation aimed at, and this in its turn 
{lepends upon the eilicic'ney ol the washer and the lime of 
contact between the gas and llu* wa,sh oil. A good averagi* is 
lietweeii (>5 and 70 g.dlons ol wash oil per ton ol eoal carbonised, 
and tlie d(‘gree of satur.ilion about .p5 ])er cent. If il is assumed 
ttiat each tem ot coal earlionisc'd yii'Ids 7, gallons of benzenoid 
hydrocarbons and a degix'e of saturation of 4.5 ])cr cent, is 
aimed at, then (>7 gallons ot wash oil jjcr ton of coal carbonised 
will be ro(]uired. On the same assnin})tion, lor a 4 jier cent, 
saturation 75 gallons of wash oil will be recpiired, and for a 
3 per cent, saturation joo gallons of wash oil. In the ease ^f 
small works, wlu‘rc necessity rc'qiiiies that the benzolised oil 
be sold or returned to a larger wenks, Hum n degn'o of saturation 
as high as () pel oi'iit. is ofti-n iiimed at. It is interwting to lyde 
that experience has shown that iielow a ciMtain ]>oint tlio*snu>ll(*r 
tlie volume of wasli oil use^l pi'r ton *of coal carbonised the 
greater is tlie amount of toIiU'iK* and its Jiigher homologues 
and the less the amount of benzene removed from the gas. 

The supply of wasli oil to the washer ShouldJx' regular and 
at a constant head. If tliese conditions are varied from tlie 
correct standard f<»und for the plant then tliere is a risk of the 
gas not being properly stripped or of the wash oil not beifig kept 
up to the required degree of saturation. A dinainished head 
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or'BuppI^ m;iy result in tho l)i);inls,'or other inntcrkil jtroviding 
the reaction surface, lot'being ])ro])erly eoveied, and an in- 
creased'liead or supply will resiilt in tUicker films of wash oil and, 

. th(;refore, a reduced c<intact surface. 

Reference to the aiunnnt of reaclicjn surface r«:|uired in gas 
stripping is nnrde on page 204, ’Satisfa<'lory results will not bo 
ohtained if the figures there givi'ii are reduced to any great 
extent—in fact, it would in luipiy c.ases be .advantageous to 
increase them somewhat, s.ay, for instance, to _'o cubic feet of 
tower space per ton of,,coal carbonised iier day, representing 
ai>proximately (i2o sipiare feet of reaction surtace, if boards are 
used. These and the figures already given (page 204) arc only 
apiiroximate, and when a new jilant is to be erected the typo 
of washer to be adopted end also the e.xtent to which the gas 
is to be stripjied must be considered. 

One of the most important factors governir.^ the successful 
recovery of the benzene hydrocarbons from gas is that of tem¬ 
perature. Tho tenpierature of both the wash oil and the gas 
to be strip|)ed ilmst be carelully controlled. It the temperature 
of the wash oil is too low when comjiared with that of the gas, 
then th.cre is a risk of naphthalene being taken up from the 
former (in casi-s in which the jierceiitage is f.airly high) bj? the 
latter, and on the other liaml, if the w'ash oil is at loo high a 
temperature compared with that of the gas, then less benzenoid 
hydrocarbons will be extracted. It is necessary, how'ever, for 
the w.ash oil to be at a slightly higher temperature than the 
gas in order to ]Mevent water being deposited in the oil; this 
clifference should be about 2" C. (iood results can be obtained 
by keeping the gas at about 18“ C, and the wash oil at about 
20" C. H. W. Smith* reco'mmends th.nt the temperature of the 
wash oil should not be higher than 22 ' C, in order to secure the 
best working results. 

It may be as well to mention in this jilace that it is advisable, 
to remove, the ammonia from the gas before passing it along 
to the stripping plant. If this is not done then there is, naturally, 
some loss of ammonia due to the deposition of ammonium salts 
in parts of the plant, also there is the risk of increasing the 
corrosion of .some of the units of the plant by certain of the 
rrminorHum s.alts, for instance ammonium chloride, and the 
reducing of the ahsorbirlg power of the wash oil. 

During each cycle tlie volume of the,wash oil is reduced 
by a small amount. This is mainly due to the fact that some 
of the lower boiling constituents of the oil are carried over with 
the crude spirit during tire debenzolising process. This amount' 
should be replaced each day by fresh wash oil. „ It is also irecessary 
to do this to reduce to a certain extent the “thickening” of 
* See Gas Watld, T>ec. lU, 191O, p. 5.^1. 
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the oil. E^cntii.'illy, liowi i/er, the ,oiI bccomep " thick ” fi.e. 
the si>ccific gravity, viscosity, and dropYeiiitt *'f tlic oil Ix'come 
higlier), and its p^wir of absorbing benzenoid liydrdcorbons 
is reduced. On lhis»accoubf it is ])nt out of eommission and 
a ni-w lot of wash oil supjilitd tr the plaid. The “ thickening ” 
of the wash oil ca'. be stayed for a considerable period if a certain 
proportion is removed each wcl'k and replaced by fresh wash oil. 
In this connection li. W. Smifh^ recommends the removal of 
10 ])er cent, of wash oil from circulation per week when nsing 
50 to 70 gaf-lns iier ton of coal iiarboi »se^. It is irdvantageoiis 
occasiounlly to add fresh Wiisli oil somewhat lighter in specific 
gravity to the original, but belore doing this the deben/.olised 
wash oil in rirculation Should be examined in the chemical 
laboratory for its jihysieal constants.* 

('are mnst^ae taken that ^the debenzolising of the wash 
oil is pro])erly carried out before returning it io the washers. 
A partly debenzolised oil will not absoib the desired am<»mt 
of benzenoid hydrocarbons, and on this .tfioupt the elhciency 
of the stripping plant will be reducc'd. The oil as it leaves the 
still should be e.x.imined jietiodically in the chemical laboratory. 

.■\nother factor upon which the elliciency of a strippilfg plant 
dejK'iids i'. an adujuate supply ol cooling water for the con¬ 
denser attached to the debenzolising still (also tor the condenser 
of the rectilying still if this is attached to t^e plant), and also 
for -the water condenser through which the debenzolised oil 
passes before entering the storage tanks or receivers. In the 
case of the debenzolising still condenser a flow of about 2-I gallons 
of cooling water for each 1 gallon of distillate condensed is 
a suitable figure to work upon, and for a rectifying still condenser 
j gallons for each r gallon of distillate. For the debenzolised 
oil coolers an allowance of say il gallons of water jx-r sejuare 
foot of condensing surface per hour will prove suitable under 
most circumstances. A useful and usually sale allowance to 
make in calculations connected with condensing surfaces for 
this purpose is 1000 B.Tli.U.’s per sejuare foot jx'r hour, thjse 
units being carried away by the cooling water. 

When distilling the benzolised oil (i.e. removing the 
benzenoid hydrocarbons) care must be taken Uf see that, the 
temperature of the benzolised oil at tjie inlet and thSt of tlie 
debenzolised oil at the ouilet are properly controlled. The 
correct temperatures to use and'the reasons for their employ¬ 
ment have already been given on pages arb and 217. If the 
number of com])artments or segments in the still is insufficient, 
then the oil under treatment will leave the still too soon and 
conseqtiently wilPnot be properly debentolised. This bad result 
will also occur if the design of the plates of the segments*is faulty 
‘ See Gas World, Dec. 16, p. 5.11. 
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or'if tlK^ oil is passed at varjHng speeds througli “he still. A 
constant speed most he ii'.nuiged tor. If the oil is supplied 
to the ‘till in too great a volume, then a clinking of tlie com- 
partmi'uts will take jilaee (even wlieii properly designed over¬ 
flows are provided), and there is,^a likelihood of heVizolised wash 
oil being earriod over with the steam and crude s])int vapours. 
'I'he most suitable sjieed at which the oil should travel through 
the still o| anv individual ]ilant ^an be found by e.xainining the 
wash oil, as it leaves the still, lor its conti'iit of henzcnoid 
hydroearhop.s. Wlii'ii this speed is found laboniiory control 
must not be discontinued, but a dailv test carried out mi a bulk 
sample made up of samph's collected by the plant man say every 
two or three hours. Thi' deben/.olised oil as it heaves the still 
when submitted t-i a distih'dion test in the clu'iuical laboratory 
slioiild not yield more than say o.; per cent, up to 160" (.'. 

On page 209mention was ma’de ol the use of a dephlegnialor 
foi the jiiirpose of facilitating the removal ol much ol the 
naphthidene contaiiied m the deheiizolised oil. some of which 
was possibly in Uie fresh wash oil and much ol which has been 
taken up Ironi the gas. The teinperaturi' at which the vapours 
leave*.-''' outh't ol the dephh'gmator must be taken from time 
to time and kept under control, and although a certain amount of 
latitude can be allowed, any variation must be mack' with an 
object in view and not carelessly, h'or instance, the temperature 
must be varied ara'irding to the “ strength. ’’ at which it is desired 
to jiroduci' the crude benzol, or the percentage ot saturation of the 
benzohsed oil. Temiieratiircs between ()o“ and )5'’ C. are used with 
good results, but it is wise lor the inaiiager to adjust his own tem¬ 
perature according to conditions obtaining in his particular case, 
if the dephlegmator is used proi>erly the naphthalene trouble 
will be consideralily reduced, if not wholly done away with. 

Various grades of crude benzol are made on recovery plants, 
and some of tliese are (15 iier cent., bo per cent, and 53 pi'r cent., 
these percentages representing the amount ot distiifate which 
comes over U]i to I2u“ C. when 100 c.c.’s are distilled in a glass 
report with the thermoraeter imniersi'd in the liqnid. 

Tlie composition of the crude benzol will vary a good deal 
according to the “ strength ” or tlie percentage it gives up 
tc*i2o'' £. on distillation ; the (piality of the wash oil used ; the 
degree of satuialioii of file wasli oil, and so on ; in fact, it is 
cpiestionable wliether two lots will be lound alike. In a recent 
paper 1 Weyinan gives tlie following ligiircs: benzol, about 
35 per cent.; tijluol, 9'per cent.; solvent naphtha, 10 per cent.; 
bottoms, 2b per cent. 

With regard to the'distillation of the crude benzol, and the 

* " The EiTect ol the Wax on (rasworks Praeticc,” Geoffrey Weyman, 
M.Sc. See Gt/i World, May ij, 1910, p. 444. 
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rectification 4>f tli< products', raetliods and jilant for doing tliis 
are described in Clia])ters iX. X, 'md X^I. Since writing tliis 
cliapter an excellent iiaper, one niiglit almost say a cjassicrd 
paper, on ''Some I’lpsico-t.'jiemical Considerations on Heiizol 
Recovery trora Coal ^las,” lias lieen ])ulilislied by Mr T. R, E. 
Kliead, M.Sc,,' and the writer r>'eonimends all those interested 
in the important subject ol beiizol recoiei'y to give this paper 
their careful study. 

In the Joitri’iil of /he SoewA' of ('hcinictd liuliis/ry ol Eeb- 
rnary 15. up;, there occurs a jiaper by Ei. R. Lessing entitled, 
“ Extracling the Va])orons Constituent's troni Coal Cias.” 
This conpnniiicalion deal^ with a suggested method ol de- 
benzolising gas by “ dry ” scrubbing ahfl a method of determin¬ 
ing the amouid of benzeiioid hydrocarbons in_coal gas, and it 
should receive the serious consideration ot all who ari' interested 
in gas strippings 

The diagram Fig. 70 illustrates the Southport debenzoli.sing 
Jilant, whicli has lieen erected from material hniiid on the Soutli- 
jrort gas estate. Similar material is usually fonml on most 
gasworks or can be readily jirociiied at small cost. The whole 
ot the plant was eri'Cted in ten days’ time at a cost of ^Za^lijliour 
only), and it has lieen working for some considerable time, 
during which d has given entire satisfaction. The diagram 
shows the siinjilicity ol the ajiparatus, and ajiart from the simdl 
amount of labour required on the furnace very*little sujiervision 
is necessary. 

The benzolised oil is continuously jiumjied into an ovci- 
head syphon which is fitted with an overflow. By the re¬ 
gulation of a cock marked A on the jilan a regular snjiiily of 
oil is maintained. The benzolised oil jiasses through a lieat 
exchanger H and enters at the bottom of the tw.ri heating tubes 
at jioints B. Connected to the inlet jiijie there is an extension 
pipe to the debenzolised oil cooler, which jiijic is fitted with a 
'cock so that at any time the oil can be drained out of the heating 
tubes, the end flanges removed, and the tubes cleaned when 
necessary. The oil jiasses out of the : 0 -inch heating tubes 
by means of two 2-ineh jiipes, at the toji of which are mounted 
thermometers. These, thermometers are fixed ipto the toji 
plugs and made tight by cement. The tubes tire counccic*! 
to the. chamber C in the middle of the fractionating column. 
The benzolised oil, which is hbated.to a temjieraturc of between 
110° and 120" C., passes into the lower jiortion of the fractionat¬ 
ing column through a quantity of steel 4 urnings and rings, as 
shown in the diagram. At the base of the colfimn there is a 
small ebamber intj which a volume of steam is passed. The 
steam mcets’thc hot oil as it passes through the mass of turnings 
1 Sec Gas World, Jan. 27, 1*117, pp. 01-6O. 
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ring?-. 11 should be noted Ihlit tlie upper ^Mirtion of tlic 
coluiuii is filh.'d ill a fiinSar maimer (o tlie lower ixirtion. By 
a proper adjustment of tlie steam, a (>5 per cent, benzol can 
readily be obtained from the benzobsed lil. It is possible to 
obtain us high as 8o jier cent, benzol, but if this q.iality is main¬ 
tained a certain amount of benzol returns with the oil to the 
storage tank. 

The benzol condenser 1 ) is made from 2-inch lead pil'e, and 
is attached to a small syphon pot at the lower end in whieli a 
separation of the water from the benzol is elfecteil. 

In the workiiif; of 'the .Southport plant the steam is so 
regulated that the condensed watir coming along with the 
benzol is ecpial in voliinie to the i rude benzol. 

The plant is capable of debenzolising 250 gallons ol beiizzilised 
oil per hour, and the maximum amount, 2(14 gallons ol 65 per 
cent, benzol, may be recovered-in one day. 
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TAKWOKKS’ TESTS 

Examination rt tar—|)yncline tests—pitch tea',;—examination of creosote 
oil—beiizo. testing—valuation ol crude ..atijitha—naphtiha testing— 
valuation of light oil -crcsyhc acid tests—testing metacresol by the 
long or short cresylite test -carbolic apj^i tests—anthracene tests— 
exaniination^of caustic, liquors, spent liquors and lime mud—testing 
coke furnace gases—examination ot coke—determination 6f benzenoid 
hydrocarbons m coal gas-- testing berAobsed antf debenzobsed oU—- 
determination of naphthalene in coal gas—Dr Colman’s method of 
estimating thitTlcrccntage of benzene, toluene, and xylene in toluol. 

• 

Kxamina'iion of Tar , ^ 

Water .—A quick method of deternfining tliis subbtance in tar is as 
follows: One hundred grammes of tar are weighed intj) an 
8-07.. tubulated retort witli a long beak, and 20 to 28 “c.’s of 
benzol added. The lot is mixed together carefully, and the 
retort is then suspended on a retort stand. A .small flame, 
preferably that obtained with a Rose burner« is placed under 
it, arid the water and benzol which comes over collected 
in a measure placed under the beak of the retort. The 
speed of the distillation must be regulated so that the whole 
of the distillate is condensed. With this method, the water 
comes over between from J of an hour to an hour, without 
■frothing. 

Another method which gives excellent and rapid results, 
but which requires a little more apparatus, is carried out as 
follows: Into the tubulure of an 8-oz. retort is fitted a funnel 
sufficiently large to hold 150 grammes of tar. The stem of 
the funnel is shortened and the bore closed by heating in a flam* 
to produce an orifice of about ,-ji> inch in diameter. On the end 
of a length of glass rod a small piece of india-rubber tubing 
is placed, and this is inserted into the stem of the fupjiel,*as 
shown in Fig. 71. -A 100 c.c. measure is»required to collect the 
distillate. The retort must have a,long beak, or, better, should 
be connected to a 12-inch Liebig condenser. Into the retort 
is placed about 50 c.c.’s of heavy naphtha, free from naphtha¬ 
lene, and 100 grammes of tar are weighed into the funnel. The 
naphtha,is now brought to a boil, and immediately the same 
commences (b distfl the tar is allowed to run into it through 
the small orifice in the funnel stem. .It will be found that in a 
few minutes after the tar has left the funnel the whole of the 

r. *25 
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water contained therein ‘ has distilled over. With care this 
operation requires from between 2p_ minutes to half an hour. 
&. R. Church recommends the foflowini> method: Measure 
50 c.c.’s of coal tar naphtha, or light oil (whicln must be free 
from water), in a 250 c.c. mcfisuring cylinder. Two hundred 
c.c.’s of tar are then added and the lot mixed. Transfer the 
contents of the cylinder to a small copper still, and wash out 
the cylinder with 50 to 75 c.c.’s more of naphtiia. adding the 
washings to the conteqts of the still. The still is connected 
up to a tube condens'er having a water jacket I5j inches long. 
Heat is then applied by, means of a ring burner and distillation 



i'i(j. 71. —Fuiiiu ‘1 and Plug used in determining Water in Tar. 


carried on until the thermometer indicates a temperature of 
205° C. The distillate is collected in a separatory funnel, into 
which 15 to 20 c.c.’s of benzol have been previously placed. 
The addition of the benzol effects a clean separation of the 
water from the oil. The water is run off into .a measure and 
the volume read. 

Specific Gravity .—Frequently the specific graiuty of tar is 
taken by means of a Twaddell hydrometer. In carrying out 
the test with this instrument, the tar should be brought to 
60“ Fahr. (iS.S" C.). When this temperature is obtained, the 
hydrometer is carefully placed in the centre of the tar, which 
is contained in a specific gravity jar, and plenty of time allowed 
for the hydrometer to sink. 

Church recommends the following method for taking the 
specific gravity of tar: Between 300 to 400 c.c.’s of tar are 
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dried in the same apparatus as used for tSe Water determination 
but without the addition ofcnaphtha. The distillation is'carried 
on until a temperatudi of lycf C. is reached. Any oil which has 
distilled over fs carefully separaf ed from the water and returned 
to the tar in the still and thoroughly mi.xed in‘after cooling. 
The specific gravity is carried but on t'-is dehydrated tai- in a 
specific gravity bottle of the Hubbard type, whose water capacity 
at 15.5“ C. 'Po" Fahr.) has been detrrrnined by experiment 
Ten grammeS'Of tar are introduced at a ^emperalifl'e of 40 to 
50° C. inio the weighing bottle, and the weight taken alter cool¬ 
ing. Freshly boiled distilled water •» then added, and the 
bottle kept in ;ipbath at 15.5° C. until no further contraction takes 
place. The water is then adjusted t(# the mark, and the bottle 
removed from the bath and weighed. Weight 
of tar divided B^the weight of'the water dis¬ 
placed will give the specific gravity. 

Another method of taking the specific graedty* 
is to place about 200 c.c.’s of tar in a large 
covered beaker and immerse the same in warm 
water, the temperature of which must not ex¬ 
ceed 50° C. This will cause entangled am- 
moiiiacal liquor to collect on the top of the tar, 
when it is removed eithei by decantation eor 
absorbing it with btotting-pa]ier. A portion of 
the dehydrated tar is then placed in a specific 
gravity bottli' (Kegnault type) and the determina¬ 
tion taken at a temperature of 15.5° C. 

Lunge estimates the specific gravity of tar by 
employing a weighing bottle of the sliapc illus¬ 
trated in Fig. 73. This bottle is provided with oS“ii,?''S;;furfcr 
a rill, R, 2 mm.’s wide. The specific gravity is r.ii Tcsims. 
taken as follows: The weighing bottle is first 
weighed empty, and then .igain after filling it with watei at 
15.5° C. The bottle is then dried, dehydrated tar poured into it 
until it is about two-tliirds fidl, and the bottle, without its 
stopper, is then placed into hot water for aboht an hour, 
in order to disperse air bubbles. Tl^e weighing bottle and 
contents are then allowed io cool to a temperature of 
15.5° G. and weighed. The bottle is now filled with dis¬ 
tilled water, the stopper inserted, and anv water which issues 
from the rill is removed, and the whole allowed to stand 
in a vessel containing water of a temperature of 15.5° C. 
for aborft aij houA after which the weight is again deter¬ 
mined. The specific gravity is found by the following cSlcula- 
tion; (a) Equals the weight of the ’empty bottle ; (6) equals 
the weight of the bottle filled with water; (c) equals the weight 
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of the bottle plus the''tar; {d) equals the weight of the bottle, 
tar and water; (s) equals specific gravity. 

_ c-'a “ , 

^~b + c~{a + d] 

Free Carbon .—The methods of determining this material 
are fairly numerous, but the ore which in the writer’s opinion 
gives the best result is that devised by Hooper. This method 
unfortunately takes a,c(xisiderable time to carry out, and on this 
account the writer modified it, and by doing so reduced the 
time to about one quarter of that winch is required to' carry out 
Hooper’s test. The degree of accuracy is in favour of Hooper’s 
test, but in tlic case of l.he writer’s method the amount of 
error is not a very serious one, and where time is an important 
matter it may be used. Hooper’s test is cant_,i out as follows: 
Ten grammes of tar are weighed into an extraction thimble, 
which is then (losod with a cotton wool plug and placed into a 
Soxhlet apparatus. The thimble and plug are previously ex¬ 
tracted with the solvents used in the process, dried and weighed. 
The"^ t’dr is then extracted with (a) Qo’s benzol, (/)) 90 per cent, 
at 140° C. pyridine bases, and (c) unmineralised methylated 
spirit, extracting 50 times with each solvent. The thimble is 
then removed, drjed in a steam-oven, and weighed when cold. 

The following is the wiiter’s method of determining free 
carbon in tar: An extraction-thimble, plug of cotton wool, 
and lid of filter paper arc extracted, first with 98 per cent, 
cresyhc acid, and then with qo’s benzol, until extractions are 
colomlcss. The lot are then dried and tared. Ten grammes of 
tar are weighed into the thimble, the plug inserted, and the 
filter-paper cap placed over and held in position with a piece 
of thin platinum wire. The prepared thimble is then placed in 
a Soxlilet apparatus and allowed to soak in go’s benzol for a 
quarter of an hour, after which four extractions with go’s benzol 
arc made. Extraction with 98 per cent, cresylic acid is then 
commenced, and continued until it runs away colonrless, after 
which go’s benzol is passed through the apparatus until it shows 
jio colour. 'The thimble is then removed from the Soxhlet tube, 
dried in a steam-oven jind weighed when cold. 

S. K. Church has adopted a very compact and simple extrac¬ 
tion apparatus (Fig. 73), for'use in the estimation of free carbon 
in tar, which in the writer’s hands has given excellent results. 

Sulphur.—Ai is sometimes desirable to estimate tliis sub¬ 
stance in coal tar, and a good test is recommended by A. Rcn- 
fred Myhill. A full description of the method, is 'given in 
The Gas World for ist February 1913. Briefly, it consists of 
igniting in a special mahner a weighed quantity of tar with 
anhydrous sodium carbonate in a nickel crucible. After the 
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-in at niDi ixiaicrn 
TamaiE au) be sispebded 


fusion the mass is lixiviated with dikillcd water. Any sodiijm 
sulphite in shluiion is oxidised witii bromine water and the total 
sulphate detei'mincd by the usual method with barium chloride 
and the result calculated to,sulphur. . 

/l.sA.—This may‘lie canted out by igniting carefully 5 or 
10 grammes o^ tar in a 
large open porcel.iin or C 

platinum (^rucible. • 

Every precaution must • 

be taken at the begin¬ 
ning of tin-operation 
to a\oid,frothing over, 
especially if the tar con- ■ 
tains an excess of en¬ 
tangled liquor. Dehy- J-Juw iii coii iiittm 

drated tar may be used »ana coi»« 

for the estiihiition if ' 

desired. I j 

Testing Tar for Yield \^\ 

of Products. —Some- • \- 

times it is desired to j 
determine in the l.abora- ! 
tory the yiehl of jiro- I 

ducts which may be _ - 

obtained from a certain 2 —‘ 

sample of coal tar. r' 

Laboratory tests for de- I ^ 1 

termining the yield of | | 

crude naphtha, light I I 

oil, creosotes, pilch,etc., f . 1 

are not very satisfac- f » 

tory, and will not give | I 

more than an approxim- f aiss itssii n 1 
ate idea of what may I I 

be expected in the // I 

works. It is far better | | 

to erect in the works an i J 

experimental still which y ^ 

will deal with say 5 rio. 7.1.—Ipparulns a(lo|)tctl Sy GRihIi for the nctcr- 
ewts. or even a ton, or, ™‘“““ " - 

better, to work through a cliargc of say 15 or 20 tons of the tar. 
There are occasions, of cour.se, When tliis cannot be done, and 
then at least Iwo gallons of tar should be distilled in the labora¬ 
tory. This may be carried out in a specially made copper stiU, 
cylindrical in shape, the diameter being a httle less than the 
heightf and provMcd with a vapour pipe, a safety valve and a 
thermometer, using a high-pressure gas burner to supply the 
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b%it, and surrounding tbS still with fii>?-bricks. The vapour 
pipe of the still is connected up to an i8-inch LicMg condenser 
through the jacket which, during the distilling off of the 
crude naphtha and the first portion of flic light-oil fraction, 
cold water is allowed to flow. After th/ first portion of the 
light-oil fraction has come over the jacket is filled with hot 
water in order to prevent clloldng with naphthalene salts. 
The thermometer bulb should berin the vapours.and as near the 
outlet of the vapour pipe as possible. Fractions arc collected 
according to the requirements of the works manager; in a 
general way,, however, ti^e following may be takcR ,as a guide ; 

Crude naphtha, up to . .1 . 170° G. 

Light oil, between ': . . . 170-240" C. 

Middle oil, ,, .... 240-270° C. 

Heavy oil, .* . . . 270-350° C. 

Pitch, above.. 350° C. 

,The following table by J. M. Weiss will no doubt prov'o 
useful to tar wogks’ ,^;bcmists : 


f/iurcc of Tar. 

Frfp Carbon, 

Specific (Ir.wily Coefficient of Expansion 

per cent. 

at 60 r. 


Water gas tar . 

1.04 

1.073 

0.0003750 

Water gas tar . • 

1.08 

1.090 

0.0003550 

Gasworks coal tar 

16.67 

1.203 

0.0003125 

Gasworks coal tar 

i 8-53 

1.205 

0.0003125 

Gasworks coal tar 

27.50 

1.249 

0.0003100 

Gasworks coal tar 

33-17 

1.296 

0.0002700 

Coke oven coal tar . 

8.07 

1.185 

0.0003375 

Coke oven coal tar . 

5-27 

1.193 

0.0003350 

Coke oven coal tar . 

4.04 

1.178 

0.0003300 

Coke oven coal tar . 

6.72 

1.195 

0.0003250 

Coke oven coal tar . 

6.65 

1.197 

0.0003125 

Coke oven coal tar . 

9.10 

1.265 

0.0003125 

Coke oven coal tar . 

19.06 

1.258 

0.0003075 

Coke oven coal tar . 

15.02 

1.231 

0.0003050 


Pyridike 

The specification issued by the German Federal Council for 
testing rectifiedjjtyriclifie bases is as follows: 

Water—This must be under 10 per cent, (it is often required 
that the water be not over 7 per cent.). The detetmiifhtion is 
carried. out as follows: Into a special burette (see Fig. 74) 
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!3 c.c.’s of 80° T\v. cahstir joda, wIikIi must be perfectly cledr, 
ire carefully run, and if necessary after standing a short tifne 
idjusted. On to the top of the soda 2j c.c.’s of the pyridine 
)asos to be tested are placed,*a cork inserted into the nedk of the 
mrette and yie contents gdntlv shaken, after which they are 
dlowcd to stand for a . hort i.me, to separate. The 
ncrcase in the voiumc of caustic soda indicates water. 

Dntillation.^'Hot less thaft 90 pc cent, should 
listil over up to a temi)eratuK' of 140° C. when 100 * 

;.c.’s of till- bases are distilled in a ’.Vpidz distillation 
lask, the bum of the thermometer bemg, opposite the 
mtlel tulje. , 

Colonr. —This must not be darken rthan a solution 
if 2 c.c.’s of N/io iodine solution in one litre of distilkd 
water. ' ^ 

Soljihility.- Jivd samiile must be completely miscible 
,n water to a cleim solution. When 20 c.c.’s of the bases 
are mixed with 40 c.c.’s of water there sliould be no 
separation of oily drops. • • 

Ammonia. -This must be absent. 

The bases are required to answer the following test: 

Ten c.c.’s of a i per cent, (by voiumc) solution o^ bases- 
must give a v.hitc precipitate -with 5 c.c.’s of Nessler’s 
solution. ,. 

Cadmium Chloride Test.—Ten c.c.’s of i pej cent, (by 
voiumc) solution of the pyridine bases when mi.xed JV 

with 5 c.c.’s of 5 ^x'r cent, aqueous solution of anhy- water, 
drous cadmium chloride and shaken vigorously should, 
almost immediately, yield a distinctly crystalline precipitate, ^ 
Titration Test.—To i c.c. of the bases dissolved in 10 c.c, s 
of distilled water, N/i 1128104 is added from a burette until a 
drop of the mixture gives a distinct blue colour or border on 
Congo paper. At least lo c.c.’s of acid must be required. The 
Congo paper is prepared by soaking filter paper in a one per 
thousand solution of Congo red, and allowing to dry at ordinary . 
temperature. The papei should be prepared just before the 
titration is carried out. 

In the new specification for pyridine bases the distillation 
requirements vary from those just given, thus: lip to rqg C, 
the bases should yield 50 per cent, and vp to 160 C. 90 per cent. 
The titration test is carried out in the same manner, but i c,c. 
of the bases dissolved in 10 c.c.’s of water should require at 



least Q.5 c.c.’s of N/i H2SO4. . , . .u 

Test for Oil in Crude Pyridine. —About ejo c.c. s of the 
sample are dried with 80° Tw. caustic soda. Of this dned 
pyridine bases io 3 c.c.’s are taken and distilled in a Wurtz flask 
untU 10 c.c.’s have come over. To this volume 90 c.c.*s of dio- 
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tif^cd Wijter are added and the lot shaken. It the,solution be¬ 
comes turbid oil is in^oated. In this case a further lo c.c.’s 
are distilled over into another measure and qo c.c.’s of distilled 
water aclded. After mixing, .should the solution become turbid, 
then tlie batch is rejected as unsuitable ‘and reejuiring further 
treatment. • 

Valuation Teat of'Crude Pyridine 

Water. -This is carried out in the manner described under 
German sprafication for«rectified bases (page 230). - 

Distillation .—Two hundred and ,fifty c.c.’s of tlje sample 
are dried by shaking with three separate quantities of 80“ to 
90° Tw. caustic soda, the volume in each c.ase bring about 100 
c.c.’s. The dried pyridini is measured, and then placed into 
a 300 c.c. round-bottomed distilling flask, to wliich is fitted a 
le Bel iicnninger fractionating iiead. This head should be 
provided with three bulbs, and have an overall length of about 
20 inches, the distance between the bottom of the head and 
tjje outlet of the delivery tube being ajiproximately 13 inches. 
The fractions are collected .as follows: b'rom drop to 140° C. 
(rcfiffbd'pyridine) ; from 140 to 160° C. (heavy refined pyridine); 
from 160 to 180° C. (heavy bases). The refined pyridine fraction 
is tested for («) water; (6) oiliness; and (c) percentage of 
distillate at 140° p. Methods of carrying out these tests have 
already been described. 

Estimation of Pyridine in ’Naphthas, etc. 

Rough Method.—Into a 100 c.c. stoppered test mixer 50 c.c.’s 
of dilute sulphuric acid (i: 2) are placed. On to this are run 
50 c.c.’s of the oil to be tested, the stojiper inserted, and the 
contents well shaken and allowed fo settle. The decrease in 
the volume of the oil or the increase in that of the acid indicates 
the amount of pyridine contained in the 50 c.c.’s of oil. 

A more Accurate Method .—^Take 500 c.c.’s of the naphtha, 
place in a separating funnel and wash with 20 per cent, of 
diluted B.O.V. (i acid 2 water) in two lots of 40 c.c.’s and one 
of ao CjC.'s. ' Carefully separate the acid extracts, bulk them, 
place in a steam distillation apparatus, make alkaline with 40° 
Tw. caustic soda, and then steam distil until about one-tliird of 
the original bulk in the distilling flask has been collected. Place 
this distillate in a separating funnel and add 90° Tw. caustic 
soda until no ntore oil separates, allow to rest, carefully run off 
the subnatant alkalin.e liquor, dry the pyrjdine bases^with a 
little 00° Tw. caustic soda, separate most of the alkali and then 
run the remainder with t,he bases into a narrow measuring 
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tube, rinse out the I'anncl with a little 90' Tw. caustic soda intji 
the tube, allow to rest, and read off \olunie of pyridine bases. 

« • 

» • * 

Pitch Tests 

• 

The usual tests applied to pittli are: (a) Detefmination of 
twisting point, {b\ ash, and (c) volatile matter. Occasionally it 
is required to esthnate the specific gravity and the free car^jon. . 

Specific Gravity .—This is estirnatcd by *he usual displacement 
method. ^ 

Free Carbdh. —The method used for estimating this sub¬ 
stance is the same as that employed in the case of coal tar. Of 
course it is advisable to grind the pitch Vo a powder, should the 
same be hard enough. _ I , ' 

Twisting Point.— 1 \\c.K aro various wavs in which this is 
carried out, and V"iortunatcly this>is the cause of many disputes. 
In the writer’s opinion it is far better to rely upon a satisfactory 
method of estimating the volatile matter u pilch than any 
method of determining the twist. ^One methfid df determining 
the twist is that of Kohler, wliich is as follows : Pieces of pitch-' 
^ inch in thickness arc placed in water at 60° C., anr^ after 
this has cooled to 55° C., the pitch should be easily twisted 
without breaking. Pitches which answer this test are con¬ 
sidered suitable for the manufacture of briquettes. 

Another method is to take a i-oz. sample of*lie pitch, soften 
it in warm water, and shape it between the fingers until a rod 
of appio.xiraatcly I inch in diameter is formed. This is allowed 
to harden again, and after an interval of about an hour, when 
immersed in water at 60° C., it should easily twist. A pitch 
which answers this test may be employed in tl’e manufacture 
of briquettes. 

Anc'thcr method which is used to determine the twisting 
point of pitch for the manufacture of patent fuels is to immerse 
a piece of pitch 4 inches long and i inch in diameter in water at 
a temperature of 60“ C. for two minutes. After the expiration 
of this time it should bend without breaking. • 

A method which is used to determine the twisting point of 
any quahty of pitch is to take a sample of the pitch, heat it 
(in water) sufficiently to make it pliable to the fingers, and thCn* 
form a rod about 2 inches long and ^ inth in diameter. Tliis 
rod is allowed to harden, and then suspended on a piece of string 
so that it hangs inside a beaker containing cold water. A ther¬ 
mometer is also suspended inside the beakar, the bulb of which 
should touch the rod of pitch. The beaker is pla^d on a piece 
of wire g^uze, and ligated with a Rose flame at such a rate that 
the water inefeases in temperature 2° Fahr. per minute. , It is 
necessary that the water be stirred very frequently to ensure 
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evfn temperature, and the pitch oc'casionally lifted out and 
an attempt made to twist it. When it is possible to twist the 
sample two or three^iraes with only a shght effort the twisting 
point Is found. ■ * f 

Melting Point .—^To determine'this, SfR. Church recommends 
the following: . 

A J-inclf cube of the pitch to be tested is formed in a 
mould, care being taien not to heat the jiitth unduly long or 
at a'higher temperature than'necessary. A 600 c.c. beaker is 
supported on a wire gauze over a bunscn burnei, and hanging 
into the beaker 'ara a "thermometer and a copjlec wire (No. 12 
gauge) hook. The cube of pitch ,'s placed on this hook and 
suspended in the beak&r at such a height that the bottom of 
the cubeds just l inch above the bottom of thd beaker. Water 
to the amount 61 400 c.c.*is placed in the beaker and the tempera¬ 
ture brought to 15.5° C., apd the pitch is^llowed to remain 
five minutes in tliis water before heat is applied. The water 
is to be heated at such a rate that its temperature is raised 
5° C. {9° F.)'‘per*'minute. Immediately the pitch touches the 
bottom of the beaker the temperature is noted and recorded 
as the melting point of the pitch. (To prevent the melted 
piTch'from sticking to the beaker, place a small piece of paper 
on the bottom and suitably weight it.) This method is employed 
for pitches which possess a melting point between 43° and 77° C. 

For pitches iWith a melting point below 43° C. immerse the 
cube of pitch in water at a temperature of 4° C. (40° F.) for 
five minutes before conamencing the heating. 

If the pitch to be examined melts above 77° C. use cotton¬ 
seed oil instead of water, immersing for five minutes at a 
temperature o'i 15.5° C. before heat is applied. 

Volatile Matter in Pitch .—^There are several methods of de¬ 
termining this, and unfortunately there is no standard one. 
The writer made a considerable number of experiments, some 
little time ago, on the subject of the determination of volatile 
matter in pitch, and published many of the results in a paper 
read by him before the Midland Junior Gas Engineering Associa¬ 
tion,' The method which seemed to give the best results is as 
follows; A porcelain crucible 4 cm. in diameter and 2j cm. 
deep, containing 2 grammes of ground pitch, is placed in a Leune 
furnace (such as is supplied with a Meker burner), with the lid 
on, the top portion of the fuiviace being removed. A No. 2 
size Meker burner is used. The heating is extended over a 
period of ten minutps, and the flame kept at full blast the whole 
time. The furnace cover is put on after the first five minutes 

1 " Investigation.s oi Coal Tar and some ol its Troducts.” tTramactions 
of .th( Junior Gas Associations, volume 2, page 105. The Gas World, 
March 2, 1912, p. 284. 



TARWORKS’ TESTS 235 

has elapsed. ^The eruciMe, \ythout tlie lid, is then allowed 
cool in a desiccator and weighed, the, loss being the volatile 
matter. ^ i 

Ash in Pitch .—Tliis may be deter.iiincd by igniting the r&idue 
left after the dc^enni lOTion of “the volatile matter, or igniting a 
freshly weighed-up portion. The method of estimation is quite 
simple and does not need any description. 

CueosotI: Oil 

Much lias been written on the testing qf coal tar* creosote, 
but u)) to the present it seeing that none of the methods published 
have been accepted as .standard ones. The usual tests to wliich 
creosote is submitted are : Determination of specific igravity ; 
and tlie estimating of the percentage! of water, phenols and 
naphthalene, and also a distillation test in order to determine 
the distilling rangcT Occasionally 'the percentage of free carbon 
and pyridine bases arc estimated. Other tests wliicli are some* 
timc= applied are the solubility of the famine in benzol, the 
solubility in dimethyl sulphate, flitsh point, and coefficient ob,. 
expansion. 

Specific Gravity .—This is determined in a fairly aeSurate 
way by the us - of a hydrometer, making a correction for 
tcmjierature, or, better still, cooling a sample down to a pre¬ 
arranged temperature. It is not dways possi|)le to take the 
gra-vity of a creosote at 15.5° C., as sometimes at this tempera¬ 
ture the material is solid or semi-solid. '.Vhen the oil is liquid 
at 15.5“ C. then it is as well that the gravity be taken at that 
temperature, but should the oil be solid, then it is necessary, 
of course, to estimate the gravity at a higher »nc. Sage re- 
coi.mteiids taking the specific gravity of salty creosotes at a 
uniform temperature of 60° C. Butterfield suggests that the 
gravity of salty creosotes should be determined at the tempera¬ 
ture at which the oil is fully liquid. Often specifications state 
at what temperature the gravity should be taken, but seldom 
do they mention the method by which the determination is, 
to be made.- If it is desired to obtain a more accurate test, 
then the picnoineter or Regnault gravity bottle should bo used. 
Some chemists recommend the employment of a’ Westphal ^ 
balance. . 

Percentage of Water. —^This* is determined by distilling a 
measured quantity of the creosote m a retort until no more 
water is given off. The quantity of oil ta|fen is generally 100 
c.c.’s, and the beak of the retort into which it is ^aced should 
be long and preferably surrounded by a piece of wet blotting- 
paper, arAngad so tllat it is possible occasionally to re-moisten 
it during the distilling operation. In any case care mult be 
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t ' 1 . 

^aken- that the distillation is not conducted too rapidly, or else 
some of the water wUl not be condensed and will escape as steam. 
Oil, of course, distilswcr with the water and sometimes does not 
■ separate well in the graduated cylinder /.n which it is collected. 
In order, therefore, to bring about a clcfui sepasation it is advis¬ 
able to intrpduce into the cylinder about lo c.c.’s of go’s benzol 
or solvent naphtha. This wilj hold in solution any naphthalene 
whi(:h may distil ovdr, should the creosote be' a very salty one, 
and in all cases will result ih a clear reading being obtained. 
It is possible, of course, to estimate the percentage of water in 
a creosote abthcsamelime as the test is being niade for distilling 
range, and reference will be made to this when dealing with the 
fractionation of a crerfsbte. 

Phcttols .—There aroj several methods of estimating phenolic 
bodies in creosote. In 'many laboratories it is determined by 
taking a measured quantity,, generally loo gc’s ol the creosote, 
and placing it in a separating funnel, and then washing it 
"with two or three successive quantities of caustic soda solution 
of about 40°'rw.' The volumes of soda used are approximately 
■20 or 25 c.c.’s for each operation. The soda washings are mixed 
a»d jj.cidified with dilute sulphuric acid (i : 3) and the phenols 
which are thrown up separated and measured. Of course, should 
the oil be very salty, it is necessary to heat it to a temperature 
at which it will remain liquid and also to heat the soda a little 
before adding it. In cases of tliis kind the temperature at which 
the oil is measured should be noted and the tar acids separated 
should be measured at the same temperature. On the other 
hand the creosote may be weighed and the tar acids which 
are separated weighed also. Should the creosote be liquid at 
normal temperature, then a rough method for determining the 
tar acids is the following: Fifty c.c.’s of 40 Tw. caustic soda 
are placed in a 100 c.c. graduated and stoppered test mixer. 
On the top of this are run 50 c.c.’s of the creosote, both materials 
of course being put into the cylinder at the same temperature. 
The contents of the mixer are agitated and then allowed to 
stand to separate. The increase in volume of the soda or the 
decrease in volume of the creosote will give, when multiphed 
by two, the percentage of tar acids. 

' ilnother method of estimating the phenols is to distil 100 
c.c.’s of the creosote in a retort and collect all that will come 
over up to 315“ C. The, distillate is.heated if necessary and 
agitated in a separating funnel with three successive quantities 
of 25 c.c.’s each of caustic soda solution of a strength of 40° Tw. 
These soda Extracts are carefully separated and mixed together, 
placed in a clean separating funnel and shaken out vjith a "small 
quantity of ether in order to remove any entangled hydrocarbon 
bodies. This extracted soda solution is carefully separated 
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m the ether and heated on the watfy-bath in order td drivt 

any etlier which ti is remained in solution. It is.then cooled 

1 rendered just acid with‘dilute sulphuric acid, made by 
..„xing one pai 4 of thS acid Ivith three of water. The acidi¬ 
fication is conveniently conducted in a separating funnel, and 
after allowing a period of rest for separation, the‘greater part 
of the acid sodium sulphate solution mey be run off and the 
remainder, together with the jhicnols, run into a gradaated ' 
cylinder, and' lie volume of the phefiols .-ad off. These phenols 
will of cou'se (Dbtain a certain amount o» -Jisjolved water. ■’ 

Church .recommends diililling lOO e.c.’s of the creosote, 
measured at limpid point, in a Jena W«rt7. flask. The flask is 
connected to an* air condenser tube, which is kept wjjrm by a 
Bunsen flame during th(? opcpition, to prevent the distillate 
from solidifying. Jlie operation i,s continued until 95 per cent, 
of the creosote has been collected into a specially graduated 
separating funnel. The contents of tlie separating funnel arf 
warmed to bo° C. in water and the volum'' re;»d oH. b'ifty c.c.’s 
of a 10 per cent, solution of caustic’soda are nt.'W added, and the , 
mixture shaken well and allowed to settle. The clear soda 
solution is carefully removed, the oil warmed again tohro^’C. 
and the shrinkage noted. Another 30 c.c.’s of caustic soda 
solution are added, shaken, separated, etc., and any further 
shrinkage noted. This operation is repeated ^nntil no further 
shrinkage takes place, and the total shrinkage of the oil is taken 
as the percentage of tar acids present in the original sample. 

Naphihale'ie.- -There are several methods of estimating this 
material in creosote, and it is very difficult to say which of these 
methods gives the most accurate results. A rewgh method of 
estimating this material is the following : Twenty-five grammes 
of the creosote are weighed in a beaker to the second decimal 
place, and kept at a temperature of between 50° and 60° F. for 
twelve hours, then at 60° F. for two hours, with constant stirring. 
The contents of the beaker are then carefully but rapidly trans¬ 
ferred to a large filter papei supported in a funnel, which in its 
turn IS supported in a water jacket, the water of which is kept 
at a temperature of 60° F. Draining is allowed to take place 
until the mass becomes fairly solid on the filter paper, wlien 
the filter paper and the contents are renjoved from the funnel? 
the top of the paper folded ever and the lot placed between 
folds of blotting-paper and pressed under a copying press. 
The latter portion of this operation musj be conducted very 
rapidly, in order to avoid any serious rise in. temperature. 
After thf pressing, the naphthalene is very carefully scraped 
oft the filter‘paper into a tared dish and weighed. Sometimes 
the creosote is cooled to 32° F. (0° C.) for four, twelve, or twenty- 
four hours before separating the naphthalene as just described. 
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Sage recommend? that the naphthalene should be estimated 
in the iractions of efeosote distilling below 270° C., and not in 
■the entire oil, by filtering the pooled distillate through filter 
cloth and pressing between bibulous paper. ?vlann estimates 
naphthalene by determining’- the “ latent heat point ” in a 
special apparatus. The metho(l is fully described in the original 
paper by this worker.* ' 

Tne apparatus used in Mann’s method is illustrated in Fig. 75 
,and the test is made as follows : A portion of tfie sample, about 
' . '50‘.c..^.’s, is distilled from a small retort until 

incipient decomposition of the ' residue is 
obserV'td, and the collected disjLillate is warmed 
until wjiolly fluid and then well mixed. The 
small tube A in removed from the apparatus 
and filled almut two-thirds with the distillate. 
This is gradually cooled, stirring all the time, 
kU "L* with a thermometer calibrated in 0.2° C., until 
,P| ' iV becomes opaque, owing to the formation of 
11 I I erystals, arid the temperature at which the 
opaqueness appears is noted. The water in 
the water-jacket C and the air-bath B (see 
Fig. 75) are then brought to a temperature two 
or three degrees lower than the opacity point 
(.temperature just obtained. The distillate in 
A is then re-melted and again cooled carefully 
to opacity jxiint, when the tube is placed into 
B. Then the thermometer in A is adjusted so 


Fir,.7i.—App,ir,iiiisuwii quite Central and the bottom of its 

in Shnn’s Meti.wi ou-s.i-bulb about 2 cm.’s from the bottom of the 
tube. The temperature will be noticed to rise 
slightly and then remain constant for about 
halt a minute, after which it commences to fall. The maximum 
temperature reached is taken as the “ latent heat point.” In the 
original paper a curve is shown, the ordinates of which give the 
V latent heat point ” in degrees centigrade and the abscissae 
percentage of naphthalene. From this curve and the latent 
heat point ^.obtained, the percentage of naphthalene in any 
pmpli; may bo found. It is advisable for each worker to plot 
nis own curve in the first instance, but the following figures may 
be useful to those who do not wish to carry out the experimental 
work necessary to construct a curve: 


Actual PfTccntw 
of Naphthalene 

20 


25 


“ Latent 
Heat Point.” 

30° c. 

34^ C. 


^ " Notes on the Testing oi Coal Tar Creosote,” J. C. Mann, J.S.C.L, 
June 30, 1910,,p. 732. 
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Actual Percentage 
of Naphthalene. 


* > » * 

“ Latent 

* ^ Heal point.” 

*. 40° C. p 

.15 • 

■ ^ 

« • 

■ 45 -. 5 ° C. 

40 • 



. 49.8° c. ■ 

45 • 



. .52°.c. 


Church recomWnds the follovyjng method : The extracted oil 
from the tar acid estimation (see page 25; Church’s method) is 
placed in a 10;^j4er beaker and kept at a ‘emperjature 0} 15.5° C. • 
for fifteen minutes. The mass is then filtered on a perforated 
funnel couilfccted to a suctibn pump and sucked dry, and the 
naphthalene in tjie filter then pressed between blotting-paper in 
a letterpress to remove all,oil, and wei^fied. The percentage of 
tills material is figured on the‘weights of original oil as given 
by the “fliecific grui'ity at the limpid point. Church estimates 
the limpid point by taking 5 c.c.’s of the creosote in a test tube 
at 60’ C. cooling, and stirring with a thermoi.'.eterjUntil the first 
crystals begin to form (limpid poir^t). Cooling in water should 
be carried out if necessary. 

Dislilling Range. A very usual practice for obtainisg the 
distilling range of a creosote in this country is to distil 100 c.c.’s 
of the oil in an b-oz. tubulated retort, no condenser being con¬ 
nected to the same. The jxisition of the thermometer varies 
according to individual ideas or the rcquirements^if specifications. 
Some recent workers have adopted the use of a Wurtz distilling 
rtask connected to an air-cooled condenser. In the writer’s 
opinion the Wurtz flask method is certainly the best. The 
tarworks’ chemist will find that specifications ijiquire the use 
of .'ither a retort or flask, the size of which m.iy vary. The 
position of the bulb of the thermometer is sometimes not stated; 
at others, in the case of a retort, it is required to be in the liquid 
at the commencement of the distillation, or else above the liquid, 
and in the case of a distilling flask, just above the surface of the 
liquid at the commencement of the distillation, immediately 
opposite the outlet tube, just below the outlet tube, and jusf 
above the outlet tube. The rate of distillation is sometimes 
mentioned and at others it is not. As a matter of faot there is at 
the present moment a great need for the adoption of a standald* 
method of obtaining the distillipg range of a creosote.^ 

Sage recommends the use of an 8*oz. retort, the upper part of 
the bulb of which is covered with a tin can packed with asbestos. 
With reference to the position of the bulb*of the ^thermometer, 
this he recommends to be in the liquid at the commencement of 
the distillation and not more than | inch from the bottom of the 

* “ Investigations on Coal Tar and some of its Products,” "A. R. 
Warnes and W. B. Southerton, Transacliom of the Midland Junior Gas 
Association. 1911-12. 
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retort'. With reference ,to the points at which fractions shotild 
be collected, he givei the following : 

• • 

(a) Distillate up to 210° Q 

{b) ,, between 210 to 235*C. 

(c) „ • „ 2,55 to 270" 

(d) t,. 270 to 315° C. 

(e) Residue not ^listilling at 3I5°*C. 

With reference to these points it slioukl be borne in mind 
that usually speoificjitions detail I he ]>oiuts at wlfieh the fractions 
must be taiccn. , , 

Church favours tlic- method given in the American Rail¬ 
way Eng’ncerina and Maintenance of Way Asdbeiation Bulletin, 
No. 65. In thi.s method a retopt is‘used connected to an air¬ 
cooled condenser, the maximpm distance frcjjii the centje of the 
bulb of the retort and the end of the condenser being 24 inches. 
The thermometer, wliich is a standard one, is inserted in the 
retort in such a fashion that the lower end of the bulb is J inch 
..from the surface of the oil at the commencement of the dis¬ 
tillation. The retort is covered with ,in asbestos paper cover 
and supported on .i piece of wire gau/.e. ft is heated with a 
bunsen burner suriounded by a chimney. The distillates 
are collected in weighed bottles, and all the fractions determined 
by weight, this„necessn.itiug of course the weighing into the 
retort of 100 grammes ol the oil. When any measurable 
quantity of water is present in the oil, the distillation should 
be stopped at the point it ceases to come over; the oil is then 
separated from the water .md returned to the retort, when the 
distillation should be recommenced. 

Reports are made on the following fractions; 

0 to 170'’ C. 

170 „ 200'^ (',. 

200 ,, 210“ C. 

210 „ 2 iS'’ C. 

235 ,. 270° C. 

270 „ 31.5° C. 

J15 .. . 335 ° C. 

Eklimation of Freii Carbon. —This comes under the head of 
insolubility in benzol and is determined at the same time as a 
solubility in benzol test. Sage recommends the following method 
for creosote containing no water. One hundred grammes of the 
creosote should be filtered whilst hot through a tared filter paper, 
and the fitter paper afterwards washed with benzol in a Soxhlet 
c.xtraction tube until the benzol runs away clear. The filter 
is then (tied and weighed. He considers that in no case should 
more than 0.25 per cent, of insoluble matter be passed without 
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comment. Should the creoJotc contain more than a ftace <)f 
water thj^may be driven off first in thS u^al fashion, separated 
from the oil which comes oyer, the oil added to the material in 
the retort, and the v^Jiolo lot, while warm, passed through a 
tared filter pai)fr as just described. 

• tPyridiiie Thq^ may'be estimated in. the creosote 

by shaking out suy loo c.c.’s in»a separating funnel with dilute 
sulphuric acid (i : 2), using thi^e lots of about 25 c.c.’s«each.* 
The acid extractions are bulked, washed with a httle ether, 
separated, tljp ether which remains i|i solution ia the acid 
extract driven off on the water-bath, and tlffe pyridine bases then 
tlrrown ■ p’by adding to tUb acid extr^ijt caustic soda of about 
40“ Tw. strengtli. The bases are separated and dried by treat¬ 
ment with 90° Tw. caustic soda and tien their .volume read off. 
Occasionally the bases are not Extracted from the oil as received, 
but io(? c.c.’s are distilled in thi retort up to 315“ C. and the 
bases determined in the distillate. , 

The Dimethyl Sulphate Test. —Dimethyl, sulphate will not 
dissolve, to any appreciable extent, paraffin or olefine hydro¬ 
carbons, but (hssolves benzene and its homologues. On accoufft” 
of this fact, this compound has been used to determine a^iproxi- 
matelv the amount of mineral oil or paraffinoid bodies in creosote. 
Dr Sommer recommends the following method : Four c.c.’s 
of f ■' distillate are put in a 10 c.c. graduated cylinder providi 1 
witi .1 stopper and 6 c.c.’s of dimethyl sulphate added, a'^tcr 
wh i the contents are shaken thoroughly for one minute. If 
till listillate is not entirely soluble, a separation will tak' place 
wii lin a few minutes, and the line of separation, being c’jar, can 
be easily read. . 

Flush Point .—As creosote flashes at a fairly high temperature, 
it is 110' possible to use the Abel test apparatus and obtain satis¬ 
factory results. The best apparatus to use for determining the 
flash point of creosote is that known as the Pensky-Marten. 
This apparatus consists of an oil cup with cover, to which is 
fitted a stirrer .end tfiermom' ter. The bath is heated by a spirit 
lamp or bunsen burfier, and the slow and regular heating of the 
oil is ensured by the jacket of air which surrounds the cup. 

Sometimes it is nece.^sary to obtain the open flash of creosote. 
This is determined by tajcin'g about 100 c.c.’s in a porcelain basiif 
and heating it carefully with a Jtose burne'r, stirring all the while 
with a thermometer. The rate of heating should be about 
one degree per minute, and at eve^ degree a lighted taper should 
be passed near the surface of the oil. The tbmperajure is read off 
immediately a flash is noticed. 

CoeffltienUof Expansion.—D or method of determining this 
constant is not in any way difficult. Sage recommends the 
following: One hundred c.c.’s of the creosote should be measured 

g 
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iAto a'flask marked at loo c.c.’s on the neck and graduated in 
one-tenths ot a c.c. (Up'to io6 c.c.'s. The volume ^hould be 
first adjusted to lOO c.c.’s at 40 C, and the flask then warmed 
in a water-bath to 80° C., and the volur'ie at that temperature 
measured and recorded. The factor most commonly employed 
is an expansion of I per cent, ior a rise of every 22|'‘ F.. but this 
is not true for all creosotes as for high temperatures as well 
'as low ones. Sage has plotted curves obtained when heating 
samples from 20° C. to 80° C., and the range falls within very 
'narrow limits, hi<5 results showing that the inCH^ssc in volume 
is I per cent', for each 13.3° C., or approximately one per cent, 
for every 24“ F. (, ' ‘ 

Calorific Value of Fuels 

The importance of ‘an accurate" method of determining 
the heating values of various, solid and liqujiti fuels is now con¬ 
siderable, and for some years the Mahler bomb calorimeter has 
deservedly been held in high esteem by workers in calorimetry. 
By means of this'Apparatus coals, coal-tar, creosotes and many 
- rtlicr substances are readily' examined, and the results arrived 
at, are of an accuracy superior to that obtainable by other 
and perhaps more frequently employed fuel calorimeters. 
Recently, the Mahler bomb has been modified by Kroeker,i 
and with this improved apparatus it is possible to correct for 
the inclusion of, the latent heat of the water vapour, which in 
the furnace of a boiler, for example, escapes, its heat being 
consequently lost. In Kroeker’s bomb there are entrance and 
exit tubes, by means of which a current of dry air may, after 
the experiment, be passed through the bomb and the escaping 
gases and watlir-vapour collected in the usual weighed calcium 
chloride tubes and potash bulbs, allowing of a detennination 
of the water and, if desired, of the carbon dioxide produced in 
the combustion. 

In the case of liquid fuels such as tar, creosotes, petroleum 
fractions, etc,, the fuel is placed in a small platinum crucible' 
.supplied with the apparatus, and the method then carried out 
as for solid fuels, the ignition being made by electrical means. 
The results are accurate, and the apparatus is finding increas- 
. ing epiployment at the present time. Figs. 76 and 77 show the- 
general appearance of this calorimeter and the bomb in section. 

C 

Germicidal Value of Coal-Tar Disinfectants 

It has long been-recognised that chemical methods of testing 
disinfectants‘{espccially those of the coal-tar class) are of limited 

> The Kroeker modification of the Berthelrt-Mahler cabrimeter is 
made in England by Gallenkamp & Co., Ltd., 19 and 21 Sun Street, 
Finsbhry Square, London, E.C., to whom the author is indebted for the . 
loan of the illustration blocks on pages 243 and 244. 
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value in appraising their value as gcrnucidcs, and m i5()3 
Rideal S^Walktr introduced their well-known “ drop ” method, 
using a standard organism iB. typhosus), and compaiing the 



Fig. 76.—Bertliebt-Uahler Bomb Cabrimcter witli modified Bomb by Dr K. Kroeker. 


diluted disinfectant with a solution of pure phenol. In spite 
of mucK adverse cKticism, this method remains the standard 
procedure for testing disinfectants against a “ naked ” or^nism. 
To perform the test accurately, many precautions have to be 




























244 


COAL TAR DISTILLATION 


taken, ?ind only an expert in its use can obtain' trustworthy 
results. f ' 

Briffly, the method consists ift shaking togetfier 5 drops 
(=0.5 c.c,, delivered from a special pipaite, of a 24-hour.s-old 
broth culture grown at 37° C. jif B. iyphosus, or other standard 
' organism selected for the pur- 

jti.se) with 5 c.c.'pf a known dilu- 
teon of the disinfectant in sterile 
distilled water and taking out 
from the inixture, 4 vr subcultiva- 
tion in broth, a large drop of the 
liquid every 2] minutfe up to 15 
minutes. The subcultures are 
incubattd at 37“ C. for 48 hours, 
when they are e.xamined for signs 
' 'of growth, aiuf the resulfs care¬ 
fully noted, A tabulated state¬ 
ment of tliese results must show 
a positive result (growth) in the 
first column (2J- minutes) and a 
negative result (no growth) in the 
last (15 minutes). A standard 1 
per cent, solution of pure phenol 
is tested side by side with the 
disinfectant. Four dilutions of a 
disinfectant can be tested with 
the diluted phenol at the same 
time, a special tube-rack holding 
these dilutions and tliirty tubes 
of broth (6 sets of 5) being used 
for convenience of working. The 
efficiency of the disinfectant is 
expressed in terms of the 
standard phenol solution, and 
when a dilution of the disin¬ 
fectant has been found wliich 
has the same germicidal value 
in the above test as the standard 
phenol solution, the former is 
divided by the latter, when the 
Rideal & Walker coefficient is obtained. Thus if a I in 70 
solution of a disinfectant has the same action as a I in 80 solution 
of phenol, thw tested disinfectant is not so strong as phenol, 
and the coefficient is 70/80 or 0.87 (R.W. coefficient). 

A number of precautions must be taken, thief amongst which 
are: The temperature must not vary more than 2° C. during 
the carrying out of the tests; pipettes, tubes and measures, 



fjG.*77.-^pction of Bomb with Krorker’ 
MotMcaliun, fallowing 1‘Iatmuin Crucibk. 
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etc., must be sterile; the» soEdifying poin* of the stancj^d 
phenol used for making the test solution j ust not be below 
40° C.-^henol containing pesols is iifep] icable; tl^e broth 
used for cultures should De| a “ Lcmco ” oroth of prescribed 
composition, standardised to a +1.5 per cent, reaction (when 
B. typhosus is the test organism^. 

Further detjpls for carrying out this 'mportant test will be 
foui d in Moi 1 and Partridge’s Aids to EUcf-riology, third gditioij, 
igit-, pp e,-' ct seq. 

It M'Ul be, seen that in the Rideal-Walker test, the cultrye 
organism is exposed to the disinfectant*in » “*naked * condition ; 
that is to* say, the conditions of the test do not approximate to 
the actual circumstances of practical dMnfection, where gcneraUy 
tlie disinfectant comes inty contact ^ith pathogenic and other 
org.misins together with inucii organic matter of varying nature. 
For this reason, it has been suggested that extraneous organic 
matter should always be present in the test. It is, however, 
a matter of some difficulty to prescribr a standard Uniterm 
organic addition in suitable amount; ancMor’tliis,reason the 
Rideal-Walkcr test in its accepted form should always be carried 
out without added organic matter, this material being added 
if desired in another series of tests made separately. The 
addition ot any organic matter tends to lower (sometimes appre¬ 
ciably) the carbolic acid coefficient of the disinfectant. 

Benzol 

Specif0 Gravity .—This is determined with an ordinary 
specific gravity hydrometer alter cooling the benzol to 15.5° C. 
j.imc chemists take the gravity at the tt tfiperature of the 
labomtorj and correct it by adding .001 to the specific gravity 
reading for every 2° F'. above 60° or subtracting the same 
figure for every 2° F. below 60°. This method is not to be 
recommend' 1, as the factor is not accurate for all temperatures. 
The best method of estimating the specific gravity of this • 
material is to use the Regnault specific gravity bottle. . 

Distillation .—For making rough works’ tests, such as deter¬ 
mining the percentage given off from a sample obtained from 
the worm end of the benzol still, an 8-oz. retort is used, c^jnnectj'd 
to a Liebig condenser and supplied with a benzol testing ther¬ 
mometer, which is graduated’from 70“ to 130° C, in one-fifths of 
a degree. The length of the Liebig condenser is about 30 inches 
and the condenser tube about i inch wide. The thermometer 
is fixed so that the bottom of the bulb is about'f inch from the 
botton>of the retost. A Rose burner is used to heat the contents 
of the retorV, and the distillation should proceed at the rate of 
about two (hrops per second. It should be added that fienzol is 
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te^ed before delivery for its perceptage 'at 100° C. or 120° C., 
according to quality, in tbe same apparatus. 

Pyridine in Benzol.'-PaAXy made benzols may conKin pyri¬ 
dine bases, and it is advisalile to tbSi for these if the sample is 
suspected. The test may be carried oiit as follows: One 
hundred c.c.’s of benzol are agitated with four parts of a 10 per 
cent, solution ()f sulphuric arid in a separatory funnel. After a 
thorough shaking, the contents di' the funnel are'allowed to rest 
and the acid solution run off frdm the bottom into a distilling 
flask and then mad<‘ alkaline with caustic so<la. The flask is 
connected dp to ;( Liebtg condenser and a steabi generating 
apparatus, and the contents submitted to steam distillation until 
about one-third of the Vitlume in the distilling flask has come 
over. Whon the distillate is cold qo“ Tw. caustic'soda is added, 
and the bases whfeh rise to'the sur(ace, if suflicient, are carefully 
separated and measured. , , , 

Total Sulphur in Benzol. —The following method, if carefully 
conducted, will give very satisfactory results. It is a modifica¬ 
tion of a te^t pitblished by Irwin. Into a 2-oz. spirit lamp pro¬ 
vided with the usual unplailed’wick, which is kept very short on 
the burning side, are placed 2 c.c.’s of benzol, which should be 
measuren in from a burette at 00“ F. On the top of the benzol 
are poured 20 c.c.’s of 90 per cent, alcohol B.l’., and the lot 
carefully mixed. The spirit lamp is placed under the trumpet 
stand of the Metrqwlitan (las Referees’ sulphur test apparatus, 
the burner portion projecting through the centre hole where in the 
ordinary course the gas burner should be. The Gas Referees’ 
apparatus is prepared in the same fashion as when determining 
the sulphur in a sample of coal gas ; that is, a little powdered 
ammonium carbfmate is sprinkled over the top layer of glass 
marbles in the condenser and a few small lumps placed round the 
burner top. The lamp is lit immediately it is placed under the 
trumpet and allowed to burn at such a rate that it will take about 
if hours to consume the contents. Immediately the lamp goes 
out it is removed, and a further 5 c.c.’s of alcohol placed in it, 
and this burnt under the apparatus until the lamp goes out, the 
time taken being about 20 minutes. The flame should be almost 
colourless at the end of the process. The whole of the apparatus 
is,.washed down with distilled water in the usual fashion into a 
beaker, and the sulphur estimated in the usual way and if desired 
calculated to CSj. There are other ways of estimating CS^ in 
benzol, such as the phenylhydrazine test and the copper xanthate 
method. The reader if referred to Allen’s Commercial Analysis 
and other autherities on analytical matters for these tests. 

Estimation of Fatty Hydrocarbons. —This ^ test is soipetitnes 
applied to benzol, especially when it is intended for the manu¬ 
facture faf nitro-compounds. Lunge gives the following process; 
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One hundred.graiuVnes bf beszol a:e titrated with 125 gfamn^iJs 
of sulphuric acid, specific gravitj i.§4, and 125 grammes of 
nitric aclAof a specific gravity of 1.5, at fc temperature not ex¬ 
ceeding 30° C. The cnide»rfitro-bcnzol is separated frfim the 
acid liquid in separating fudu''!, neutralised with caustic soda, 
and distilled by means of steam .until a sample of the distillate 
sinks in water. The distilled oil is separated frdm water and 
placed in a 5o«c.c. stoppered Snd grauuaied cylinder, and to^ 
this 15 to 40 c.c.’s of the mixcd^ulphuric and nitric acids, made' 
as before d( ■ ribed, are gradually added with occasional shaking 
until tlm voiamc of the oil ceases to cuatinish? Any •unchangea 
benzene aad toluene are dissolved in the acid mixture, and the 
fatty hv'drncarbons, being unacted ut*«n, will float on the top 
and their volume may be read off. J'his volume i^ calculated 
as .smounting to 60 per &nf. pf the fitty hydrftcarbons actually 
present, and the ^est is only m^dc if there is reason to expect 
a somewhat large jnoportion of these substances. 

* 

V.\r.i!.'rTioN OF Crude Naphtha for YiK),a o# Benzoi., etc. 

Crude naphtha and crude benzol are examined for the yi«lt? 
of lighc products in the chemical laboratory by the. fiillo.ying 
method: Five hundred c.c’s. of the oil are placed in a dis¬ 
tilling flask fitted with a 5-bulb Glinsky or Ic Bel Henmnger 
distillation head. The delivery tube of this latter piece of 
aT)p.i atus is connected up to a Liebig condwiser. Distillation 
is commenced and the amount of di.-,Gllate which comes over 
below 200° C. is collected and the percentage read off. ^This 
distillate is then washed, first with about 60 c.c.’s of 60° Tw. 
c.uistic soda, using a separating funnel. Thg alkaline hquor 
/iiich sepa:ates is carefully removed and the shrinkage m the 
oil caicfuliy measured. The oil is then washed once, or twice 
■with water' care being taken of course to prevent loss of oil when 
separating the water, and then agitated with B.O.V. of about 
140“ Tw., t\.o washes of 2i per cent, being given, fhe acid 
liquor which separates is carefully removed, and tl>e oil tten 
giv»n one or two water washes, after which it is washed with 
50 c.c.’s of Z'f Tw. caustic soda and then with one wash of water, 
it is then allowed to rest to separate the last traces of water, 
and the siirinkage of oil carefully measured. The entire quaflti*y 
of the washed oil is now placed into a distilling flask fitted 'With 
a GUnsky or le Bel Henninger head, as just described, and the 
lollowing fractions are collected : 

Drop to 100“ C. equals go’s benzol. • 

100 „ 120° C. „ so’s-go’s benzol. 

vzo „ ibo° C. „ solvent naphtha. 

160 „ 190° C. „ heavy solvent. 
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I tc bottoms are also measuri'cl. Jt should'be added that the 
volumes of these fractions will give only an approximate idea of 
what is obtained in the works, but at the same timefliey form 
a useful guide when buying say crhde bencol or crude naphtha. 

In the case of crude naphtha' the percentage at 120° C. is 
often determined by using a vetort and condenser as just de¬ 
scribed under benzol tests, and of course the specific gravity 
fs always taken. It is advisable to test the crude naphtha for 
tar acids and basic bodies by the methods already given. 

N.M'llTH.tS 

Disiillalimi .—The vafiious qualities of naphtha are tested in a 
similar apparatus to tliat,used for bynzol, whelh'er it is required 
to control the Working o'! the nap’htlia still or the quality of 
the products to be olfered for sale. A special thermometer is 
used, graduated from qo“ to 200° C. in half degrees, and tliis is 
placed in the retort in a similar position to that occupied by the 
benzol thgrmotaetfr. The drop point and the percentage at 
'iGo", 170" or 200° is read oft according to the quality of the 
naphtha. 

Speitfic Gravity.— This is taken by a hydrometer or in the 
Regnault specific gravity bottle. 

Flash Faint .—This is determined in the Abel test apparatus, 
in a similar fashipn to that used for the determination of the 
flash point of petroleum. 

Pyridine liases and Tar Acids .—It is advisable to examine 
solvent naphthas for pyridine bases and also for tar acids. The 
latter substances arc estimated as already described (sec page 
236), and the Idrmer {unless suspected to be present in more 
than traces, when the test described under benzol is used) by the 
following method, which is known as the Weber test for pyriine : 
Shake out 100 c.c.’s of solvent naphtha with 100 c.c.’s of dis¬ 
tilled water in a separating funnel. Take about 15 c.c.’s of the 
water extract and add to it i c.c. of a 10 per cent, solution of 
copper sulphate. Bring the mixture to boiling point. It is 
required that no turbidity occurs. According to Weber, if the 
mixture remains clear the solvent naphtha is free from pyridine, 
ot the qmouiit it contains does not reach more than one part in 
1500 parts of solvent naphtha. A very faint turbidity after 
standing 30 minutes will be equivalent to approximately .06 per 
cent., and a pronounced bluish white tubidity to o.i per cent. 
If the quantity of pyridine exceeds o.i per cent, a copious pre¬ 
cipitate results.’and should 0.3 per cent, be present a dense pre¬ 
cipitate is at once produced. If the solvent ngphtha be required 
for rubber, works, this test often has to be used, alnd also the 
foUowirig: Twenty-five c.c.'s of R.O.V. and 75 c.c.’s of the 
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solvent naphtkt are placed <n a stoppered and graduated test 
mixer. The mixture is well agitated and allowed to rest. The 
R.O.V. siTbuld not increase ip bulk moro*than 4 c.c.’s, making 
a total of 29 c.c.’s, ajd the colour should not be more than a 
deep orange. • 

Another test ./ften used for pyridine is to extract 50 c.c.’s 
of the solvent niiphtha with 5(i c.c.’s of P.O.V. in a separating 
funnel, allow tef rest, separate yie acid e'xtract, neutralisi witla. 
fairly conce'drated caustic soda, say f-o" Tw., and see whether 
pyri-line og detected by the sense ■ f smell, 

, Valuation.of Light Oil, etc. 

Theie are r^veral methods of testMg light oil in order to 
obtain an idea* of the ^ield of light, products which may be 
expocted in the works. *One.ot the methods is the following: 
Five hundred c.c.^ of the light oil are placed in a distillation 
flask fitted to a 5-bulb Glinsky or le Bel Henninger distillation 
head and Liebig condenser. The flask is L.-alcd with a bunsAi 
burner, and all the distillate which comes ■■fver*belo*v 200° C. 
collected and the percentage read off. This distillate is washtd* 
first wiffi about fio e.c.’s of 60° Tw. caustic soda, and tfign once 
with about the same volume of clean water, after which the loss, 
due to the. al'.ialinc wash, is carefully measured and the per¬ 
centage noted. It is now washed with 5 per cent, of B.O.V. 
in two 21 per cent, quantities, and then three itimes with about 
60 c.c.’s of water, after wliich an alkaline wash is given, using 
abou. 50 c.c.’s of 20“ Tw. caustic soda, and finally a wash with 
50 c.c.’s of tleaii water. The loss in volume of oil is carefully 
measured, and the washed distillate is then placed in a dis- 
t'’..ition flask and distilled up a fractionating lieaJ, using one 
or other of the types just mentioned, and the following fractions 
collected: 

1. Drop to 100° C. equals 90’s benzol. 

2. 100° , 120° C. „ toluol. 

3. 120° „ if)0° C. ,, solvent naphtha. 

4. 160° „ 185" C. „ medium heavy naphtha. 

5. 185° ., 200° C. ,, heavy naphtha. 

The results are calculated on the original oil and tabulated as 
follows: 

Distillate above 200° C. . . . " . per cent. 

■ Loss by soda and water wasliing. . . „ 

Loss by acid, soda and water washing . „ 

90’s benzol.* • . 

Toluol. „ 

Solvent n^htha •. „ 

Medium heavy naphtha .... „ 

Heavy naphtha . . ... . „ 
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'. Speeific Gravity. —^This is taken by one of the methods already 
described. 

Tar^Acids and Py/Cdine Bases.—The processes for estimating 
these substances have been describ'ofi already. 

Ckesylic Acin 

Sp/cific Gravity. —This constant is detemuBed cither by a 
hydrometer or specific gravity bSttle. 

, Water. —This material is usually estimated by distilling care¬ 
fully 100 c!c.’ 5 of fhosailiple in an 8-oz. retort unfit all the water 
and 10 c.c.’s of oil have been collected in a measure. A little 
benzol is then added to Alb contents of the measure, with shaking, 
and the mixture allowed ,to stand in order to enable the water 
to separate, wheh a clear Veading may'be obtained. 

Distillation.—This test should be conducted in a Wartz or 
distillation flask connected to an air condenser. The percentage 
of distillate is read off, as a rule, at the following points : 194° C., 
196° C., 108“ C.. 2 (fD° C., 202° C., and 204" C. 

- . Naphthalene and Neutral Vits. —This is not an easy test to 
carj'y out, and at the best is only approximately accurate. 
Twenty grammes of the sample are taken and placed in a separat¬ 
ing funnel. The beaker in which tlie 20 grammes ware weighed 
is rinsed out with 100 c.c.’s of 15 per cent, caustic soda and the 
rinsings added tn the cresyhc acid in the funnel. The lot is 
well shaken, and when the acids have dissolved joo c.c.’s of 
distilled water are added with thorough agitation. If a clear 
solution results, then naphthalene and neutral oils may be 
considered absent, but in the case of marked turbidity, the 
mixture is ext/keted with light petroleum ether, which is dry 
at 75° C., the extract carefully separated, run into a weighed 
beaker or flask, the ether cautiously evaporated off on a water- 
bath and the residue weighed. 

In cases in which the cresylic acid contains a fairly large 
quantity of oil and naphthalene, the following rough test may 
Ve used; Into a too c.c. stoppered test-mixer 40 c.c.’s of 60° 
Tw. caustic soda are placed, and on the top of this 40 c.c.'s of 
cresylic are carefully poured. The two substances are thoroughly 
mftred and "then allowed to cool down to 60° F., after which 
5 c.c.’s of benzol are added and the lot shaken up. The contents 
of the test mixer are now ^llo\<ed to stand in order that the 
benzol may separate, together with any oil and naphthalene 
which it has dissolved ; the increase in volume of benzol may 
be taken as Sril. The writer does not altogether approve of 
this test. , , 

Tar Acids in Cresylic. —If it is desired to estiirlate these, th^ 
following method may be used: One hundred c.c.’s of the sampli 
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measured at 60° F. are plated into'a separating funnel aivf 
about 100 c.c.’s of 60° Tw. caustic soda, added to the same, and 
the lot welr«haken until the cresylic has dislolvcd. The solution 
is then extracted with, light 'pbtroleum ether, the ether extract 
carefully separated, and the cresylate of soda filtered through a 
little glass wool in*o a large beakei*. It is brought up to the boil 
and kept at this point for about tv/o minutes, after which it is 
allowed to cool down. It is then placed ih a separating fiyinel, , 
the beaker being rinsed out with a little water and the tar acids 
thrown up h” the addition of dilute B.O.V. A sufficient length, 
of time is giveti'for the tar acids to sepaVat# pf’operly,*when the 
subnatant sulphate of soda liquor is separated, and the tar acids 
run into a measure and the volume read tiff. 

Sulfhuretlcd' Hydrogen and Sulfhur Compounds —During 
the manufacture of cresof it is neccssS'ry to test it for sulphur 



F:o. 78.—Apparatus used m Testing Cresylic Acid for Sulphur. 


compounds, and it is also advisable to examine camples which 
are being purchased for the same substances. The method 
generally used is to place about 50 c.c.’s ot the cresol in a flask 
fitted with air inlet and outlet tubes, the inlet tube dipping 
jiSnto the cresol. The outlet tube is connected to another flask, 
which in its turn is fitted to a filter pump. In this flask a piece 
of lead acetate paper is suspended in such a position that it hangs 
over the air inlet tube. Air is aspirated through the cresol by 
means of the filter pump, and during its passage through the 
second flask it comes in contact with the acetete papsr. 
Should sulphur compounds be present .the paper wilr turn* 
brown or black. A good sample of cresylic will not blacken 
an' acetate paper after 15 minutek. Fig 78 illustrates the 
arrangement of the flask.=, etc. 

Meta-Cresol—Cresylite Test 
There's a special grade of cresylic acid manufactured which 
contains a considerable quantity of mfta-cresol. This material 
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is used for the manufacture of trinitro-raeta-cresol. There are 
two methods of testing this substance, one of which is known as 
the short test and tHt other as the long test. Thcy<a:e carried 
out as follows: ' ' ‘ 

Short Test .—^Ten grammes of the cVesol are placed in an 
Erlenmcycr flask and 15 c.c.’s Of 66° Be. sulphuric acid are added. 
The lot is well agitated, and tlifn heated for one hour in a steam- 
oven After this the sulpho^ated mi.xture is poured into a 
i-litre flask and thoroughly cooled under a water-tap. Into 
the Erlenmeyer flask in which the cresol was sulphonated 
90 c.c.’s of 40'° Bli. nitric acid are placed and thoroughly shaken 
until the sulphonated material arthering to (he flask sides is 
rinsed off with the acl!i‘. It is then cooled a little and trans¬ 
ferred rapidly to the contents of the litre flask. The lot is now 
vigorously shaken. In a' few minutes reaction will take place. 
The mixture is now allowed to stand until tho reaction is finished, 
when it is emptied into a large [xircelaiu basin containing 40 
c'.c.’s of cold water. The flask is rinsed out with another 40 
c.c.'s of cold wat^r and the,rinsings added to the contents of 
the basin, after which the lot is allowed to remain until the tri- 
nitro-mcta-crcsol crystallises out. It is then filtered through 
an ordinary filter paper, the crystals dried in a .steam-oven at 
95 to 100° C., and weighed; the result multiplied by 10 equals the 
cresylite test. 

Long Test .— \ retort of a capacity of i litre is fitted with a 
cylindrical dropping funnel, provided with a stop cock, holding 
about 50 c.c.’s. The retort is placed in a spherical sand bath, 
about 14 cm.’s in diameter. The operation must be conducted 
in a fume cupboard. Into the retort 50 grammes of nitric acid of 
40° Be. strength are placed and gently warmed to a temperature 
of 80° C. In the meantime 50 grammes of the sample of cresol 
are mixed with 125 grammes of sulphuric acid and allowed to 
stand for an hour. After this time has elapsed the contents of 
the flask are run into the dropping funnel and the flask inverted 
over it in order that it may thoroughly drain. The sulphonated 
cresol is allowed to drop into the nitric acid at such a rate that 
tho whole of the contents of the dropping funnel will take be¬ 
tween IJ to 2 hours to run into the acid. The temperature must 
■ bd kept at 80° C. the whole of the time and regular ebullition 
maintained. Red vapours are given off, and should these 
vapours whiten towards the finish, the test must be repeated 
with a larger quantity of nitric acid. The nitric acid should 
not be in great excess as the trinitro-meta-cresol is appreciably 
soluble in mdlher hquor charged with nitric acid. Immediately 
the whole of the sulphonated cresol has dropped into,the nitric 
acid,Jhe gas flame is removed and 20 minutes allowed to 
lapse, after which the contents of the retort are poured into a 
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large porcelain basin containing 400 c.c.’s of cold water’. Tile 
mixture is. then left to cool for 24 hour?;, and the crystals which 
form are carefully separated,from the mother liquor by decant¬ 
ing the latter jnto a 'ilter fiainel provided with a perforated 
filter disc and covered with roujd filter paper. The mass of 
crystals in the basm is melted in 200 c.c.’s of watar, allowed to 
cool, the mother,liquor removed'as just -lentioned, the crystals 
broken up. allowed to drain, dried at 50° C., weighed,'* and’* 
multiplied bv two. 

CarbcAic Acid ' 

Specific Gravity. —This constant is Ajptermined by a hydro¬ 
meter or specific gravity bottle. , 

Water .—This is generally .determined during the carrying 
out of t]ie crystallising test. 

Solubility. —Th? sample is required to answer the following : 
Fifty c.c.'s of the crude carbolic acid must be completely solublp 
in 100 c.c.’s of caustic soda of a specific g-avir' oltf .10. 

Crystallising Point .—There are ,*nc or twe methods of carry- . 
ing this out, but that generally used for the buying and selling fef 
crude carbolic acid is the following ; and it is known in tile trade 
as Lowe’s met’.iod: Into an 8-0/.. tubulated retort, having a 
neck about 15 inches long, 100 c.c.’s of the crude acid to be 
tested are placed. No condenser is connected to the beak of 
the rerort, and the distillation is so regulated’that no vapours 
are given off, and the operation occupies about two hours. 
Clean, dry, graduated cylinders must be used lor the collection 
of the distillates. Into the first receiver 10 c.c.’s of oil and all 
the water (which latter shall not exceed 15 c.c.’«) are collected. 
The next 63 1 c.c.’s are collected in the second receiver, well 
mixed, and cooled slowly to near the expected crystallising point. 
A email quantity of pure crystals is then added, and the cooling 
continued—stirring all the time. When the distillate is crys¬ 
talline throughout, the thermometer (a Fahrenheit graduated 
in one-tenths of a degree) is read; and the figure indicated is 
taken as the ciystallising point of the crude acid. It is ofte'h 
necessary to employ a cooling solution, and when this is the case, 
care must be taken that the temperature of this solution is pot 
more than 2'’ F. below that at which (Jic sample is cifjiectefl 
to crystallise. t 

With low crystallising acids— e.g. 50’s and 45’s, etc.—the 
determination of the point at which the fjjst crystals appear is, 
unfortunately, rather a tedious process, and with the object of 
rendering it easier and quicker, the writer and his assistant ^ 

* “ Investi^i^ons on Coal Tar and some of its Products.” English 
Junior Gas Associations’ Joint Proceedings,^ 1911-12, Sec. M, pp. <03-125. 
The Gas World, March 2, 1912, p. 284. 
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made numerous experiments with a modified method, with 
very encouraging rifsults. Up to the collection ^ the 62| 
e.c.’s 'of acid in the second receiver, the process is identical 
with Lowe’s. The modification' consists in just hall filling a 
test tube 5 inches long by j inch in diameter with the well-mixed 
distillate, cdoling while stirring until tlie contents of the tube 
are crystalline throughout—adding a small crj?ital of pure acid, 
if necessary—^removing from the cooling mixture, and stirring 
slowly, at a temperature of about 60° F., until all crystals 
'disappear! Tliia P9jnt‘. is called the liquefying point; and if 
2.5 is deducted from the figure obtained, the crystojlising point 
of the acid is found. ^This figure was arrived at by taking the 
average uf fifty experiinents, the highest diffhrence being 3.0 
and the lowest 2.2. ‘ 

A handy method for use in the works when making„mixings 
is the following, and this method may be termed a short test: 
One hundred c.c.’s of the crude carbolic are distilled in an 8-oz. 
retort until all the. water and 10 e.c.’s of the oil has come over. 

A further 20 c.c.’s of the tar acids are now collected in a perfectly 
dry cylinder, the crystallising point determined, as already ex¬ 
plained under Lowe’s test, and from the figure obtained 8 is 
deducted, when the result will indicate appro.ximately the actual 
crystallising point. Another short test is the following : Into a 
three-bulb Ladenburg flask of 130 c.c.’s capacity, 80 c.c.’s of 
crude carbolic are placed. The flask is connected to a 12-iiich 
Liebig condenser, the jacket of which is filled with water, but no 
flow is maintained. All the water is distilled off, and 8 c.c.’s 
of the oil. Then into another ^wrlectly dry receiver 50 c.c.’s 
of the tar aci(i.s are distilled and the crystallising point taken. 
If the figure i is deducted from the result, the crystallising point 
obtained by the long test is found approximately. 

7 'ar Acids in Phenulate .—In order to control the working of 
the carbolic (and also the crcsylic) plant, it is necessary to deter¬ 
mine the amount of tar acids in the phenolate. This can be done 
rapidly by the following method: One hundred c.c.’s of the 
phenolate are placed in a separating funnel and dilute B.O.V. 
(l: 2) is added until the mixture is strongly acid to litmus paper. 
The lot is allowed to stand for a few minutes in order that the 
tar acids may separate completely, after which the sodium 
sulphate liquor is removed carefully and the volume of the. tar 
acids measured. 

S'- 

ESTIMAllOK OF CaRBOUC ACID IN CRUDE PHENOLS 

Mm. Ren^ Masse and Henri Leroux hW presented to the 
French Academy of Sciences a note upon carbolic acid and the 
estimation of this in crude' phenols from tar. The method still in ;■ 
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use for the preparation of caroolic acid is that devised by Laurent 
in 1841, namely, (l) Separation of phcnpls from creosote oils 
by shaking up with soda, (?), acidification to set free the crude 
phenols, and {^) the ixtraction of the carbolic acid by rectifi¬ 
cations and crystallisations. (Ipod crude phenol, free from 
naphthalene, contains water, carbolic acid, orthacresol, meta- 
cresol, paracrespl, xylols and homolog’‘;s, and phenolic tarry 
matters. The chemical propMies of carbolic acid arid the- 
cresols are nearly related that th,re is no simple reagent 
whicli can separate them ; thus KopptiiChaarJs bromine method 
will not work if both orthocresol and mctacresol be present. 
The physical properties, on the othc;;jhand, do enable us to 
discriminate, ffhe. boiling points of phenol (carljolic acid), 
orthocresol, mctacresol and- paracres(d at ybo^mm. barometric 
pressure are, respectively 184°, 190.8°, 202.8° and 201.8° C.; 
those (If the xylol* are 220° and .25°. By fractionally distilling 
the crude phenol up to 20.5° C., and then fractionally distillirjg 
the fraction obtained between i8o°-20.''° L. upi to 198° C. (as 
described in the ne.xt paragraph;, we can find the Quantity of, 
carbolic acid in each of these fractions by determining their Re¬ 
spective crystallising points. Commercial carbolic acid, called 
40° to 42°, liai a melting or solidifjdng point slightly above 
40° C. ; commercially pure carbolic acid has a melting point of 
40.85° C. When we add crcsols to pure carbolic acid the melt¬ 
ing I'loint falls steadily, and that to very nearly the same extent 
whatever be the relative proportions of the three cresols, so long 
as the cresols added do not exceed 33 per cent, of the whole. 
The melting point of the mixture thus depends on the per¬ 
centage of carbolic acid, and the curve of meking points is a 
straight line joining the two points phenol 100 per cent., 
melting point 40.85° C. and 66 per cent., 21° C, This is the 
bjsis of the following working method: 

Three kilograms of crude phenol arc put in a still with copper 
vessel of 4 litres and a Vigreux column of 24 inches. The 
distillation is maintained at 7 to 8 c.c. per minute, and the 
following fractions are taken: (a) up to 180° (=water aftd 
phenols); {h) 180° to 203° ; (c) above 203°, 100 c.c. only. To 
(d) add enough chloride of sodium (35 per cent.) to precipitate 
the phenols contained in it; decant thesf phenols and adH thefti 
to (ft). Put (ft) into a flask,of sufficient size; wash out the 
vessels with liquid (c) and add tliis to (ft). The hquid (ft), with 
its adiiitions, is now fractionally chstilled at 4 c.c. per minute. 
The fractions taken are from 250 to 300 gf&mme^ach, until the 
temperature of the vapours reaches 198° C. The solidifica¬ 
tion point qfi eacl^ fraction is then determined. A test-tube 
determination gives a rough indication; but with 30 to 40 
grammes, allowed to cool slowly until supercooled by 1° or 2°, 
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the adoition of a trace ot crystallised carbolic acid determines 
crystallisation and the temperature goes up to the true melting 
point. .If in the tesc-tube triaLthe required temperature is 
below 21° C., add carbolic acid in knowi^ quantity sufficient to 
bring the percentage of carbolic acid above 66. ' 

This method enables the carbolic acid in a crude phenol 
to be estimated witliin i per cent., which is as near as could 
be expected with so complex a mixture as crude phenol. 

An'.hracenf. Tests 

Crude and refined anthracenes aie tested for the percentage 
ot actual anthracene by what is known as Lvek’s test. The 
following materials are required : CJromic acid solution. —^I'liis 
is made by dissolving 150 grammes of chromic acid (CrO,) and 
100 c.c.’s of glacial acetic acid in 100 c.c.’s'-of distilled water. 
Fuming Sulphuric Acid Mixture.—This is prepared by mixing 
equal parts of pure sulphuric acid of a specific gravity of 1.84 
and Nordliausen sulphuric acid of a specific gravity of i.qa. 

' The test is carried out as follows : One gramme of the sample 
is placed in a l-litrc boiling flask, and to it is added 45 c.c.’s 
of glacial acetic acid. The flask is connected to an air-cooled 
reflux condenser, and then placed on a sand-bath and the con¬ 
tents boiled until the anthracene is tlissolvcd. In the mean¬ 
time 23 c.c, ’s of the chromic acid mixture are placed in a dropping 
funnel, the stem of which is inserted into the top of the reflux 
condenser. As soon as the anthracene is dissolved in the acetic 
acid, the chromic acid mi.xture is allowed to drop into the solution 
at such a rate that it will take two hours for the whole of it to 
run out of the dropping funnel. After all the chromic acid 
solution is in, the mixture is boiled for a further two hours and 
then allowed to stand for twelve hours. It is then diluted to 
500 c.c.’s with distilled water and allowed to remain at rest 
for one hour, after which it is filtered through a hardened filter 
paper and washed with {a) 200 c.c.’s of cold water, (b) 300 
d.c.’s of boiling water, (c) 300 c.c.’s of 2j° Tw. caustic soda, and 
{d) 300 c.c.’s of boiling water. The precipitate is now washed 
into a tared-porcclain basiin, dried on a water-bath, and finally in 
a stea!m-oven, and then weighed. The weight obtained gives 
a figure wliich when multiplied by.85.6 is recorded as the common 
test. To the material in the basin is how added ten tim6s its 
weight of the fuming sulphuric acid mixture, after which it is 
heated on a pfater-bath until the whole mass has crystallised. 
Tlfis will take between 10 to 15 minutes. It is then stood in a 
damp place overnight, and the following morning diluted with 
200 csc.’s of cold water, after which it is filtered through a 
hardened filter paper and" washed with boiling water, soda, and 
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boiling wilier, a- befofe. T^lic pu-ciiiitate oi quinone is then 
washed into a tared porcelain badn, dried in a steam-o^en efhd 
weighed. weighing, the basin and y:s contents are gently 

heated in order to vplaliliie>tiie. (juinone, and when celd the 
basin and ash jro re-'iteighed.* The difference between the first 
and the second weighings gives, the weight of anthraquinone, 
and this multiplied by 85.O will give the pctcentage of actual 
anthracene in th'e sample. • • 

Material Insuhiblc in Benzol (Sand, Dirt, etc .).—Five grifrnme^ 
of anthrace'i.> are transferred to a prcvi</usly weighed extraction 
thimble, plac*ki in'a Soxhlet (V<trartion»apnar»tus and o.xtractdtl 
with benzej in the usual wa;j until the benzi* leaves the apparatus 
colourless The thimlile is tlii ii iemo»gd, freed from, benzol in 
a steam-oven, coohxl, anil weighed. The increase iij weight of 
the thimble indicates insdlublq matters It is n»ccssary of course 
to covr th.i extraction thimble^ with a piece of filter paper, 
the e.iges of wliicTi may be bound with platinum wire, or else 
use a plug of cotton wool. . , 

I'arajlin in .1 nthraccnc .—This may be c -fniatcd as follows : 
Ten grammes of the sample are weighed into a large beaker and^ 
(o it are added 108 c.c.’s of concentrated sulphuric acid. Tlie 
mi.xlure is he.atcd on the water-bath until all the anthracene 
is dissolved Iiien it is cooled and poured into 400 c.c.’s of cold 
wati r contained in a 1000 c.c. separating funnel. The mixture is 
allowed to cool and is then extracted twice with light petroleum 
ether (dry at 75“ C.). The petroleum ether extracts are bulked 
and washed in a separating funnel, first wfth half its bulk of 5° 
Tw. caustic soda, and then four times with one-eighth of its 
bulk of cold concentrated sulphuric acid, and after this with 
old water until free from acid. It is then allowed to settle, 
any w'ater which separates removed, and then transferred to a 
tared flask, and the ether distilled off and the residue weighed. 

Examinatio., ok Caustic Liquors, Spent Liquors, and Lime 
Mud in connection with the COj Process for Manu¬ 
facturing Tar Acids , 

Spent Liquors .—It is essential that the causticised spent 
liquors be kept up to a standard strength as regards the per¬ 
centage of actual caustic soda, and ojving to the fatt thJt 
impurities, sometimes to a m«leratcly large extent, are always 
present in these liquors, it is not possible to control the strength 
with any degree of accuracy by the usc,pf a hydrometer. It 
is necessary, therefore, to titrate the spent liquor with a standard 
acid solution for tlje amount of alkali present (calculated to 
sodium carbehate, Na^COj), and then to add an amount of soda 
ash to the bulk of spent liquor in the causticisers to bisng up 
R 
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the strength to the normaL The best results seem to be obtained 
■ hy- cauSticising spent liquor whicli contains lo granunes of 
NijCOj per loo c.c.’^. The writer advises tarworkfj’ chemists 
who have control of d CO2 plant for tar acid recover to work 
out a table for themselves, showing the amount of soda ash 
required for each causticiser as indicated from the results obtained 
from his analysis,- allowing of'course for the impurities in the 
soda ash used. For-instance/■ assuming the‘spent liquor on 
analyeis showed 9.8 grammes oFsodium carbonate per 100 c.c.’s, 
then the material in the causticiser would require approximately 
2.8 lbs. of. soda ash (58ipcr cent., alkali) for every 100 gallons. 
The titration is carried out in the usual manner, but.tlie liquor, 
as it is generally very dark, must be well diluted, and an indicator 
such as laemoid or cochineal .should be used. ' 

Estimafion of Caustic" Soda ip 'I.i.ne A/wd.—This may be 
rapidly estimated with a fair degree of accura^ by the following 
method : Twenty grammes of the mud are weighed in a 250 c.c. 
bpaker and 100 c.c.’s of hot water poured on top of it. A gentle 
stream of carbonic .acid is passed into the mixture lor about ten 
minutes, after which it is bciled, filtered, and the precipitate 
wished, the filtrate and washings being nm into a 200 c.c. 
measuring flask. The contents of this flask are allowed to 
cool to 60° Fahr. and then made up to 200 c.c.’s with distilled 
water and well mixed. An aliquot portion {say 25 c.c.’s) is 
then removed by means of a pipette and titrated in the usual 
fashion, calculating to NaOH. 

Estimation of Actual Caustic Soda in a Dark-coloured Causti- 
cised Spent Liquor. —As the causticised spent liquor is always 
very dark in colour, it is not possible to estimate the amount 
of cau-stic soda --n the presence of carbonate by the method of 
double titration, which is used in the case of commercial caustic 
sodas. The following method gives very satisfactory results 
Fifty c.c.’s of the dark-coloured liquor (free from lime precipitate) 
are brought up to a temperature of loo'^ C. Barium chloride 
solution at a temperature of 95° to 100° C. is now added until 
no more precipitate forms. The tot is filtered while hot into a 
250 c.c. measuring flask, the precipitate and filter paper washed 
with a little boiling water, and when cold the filtrate and washings 
are,made up to the mark with distilled water, and an aliquot 
pbrtiorf taken and titrated for caustic soda in the usual fashion. 

Testing the Coke Furnace Gases for Use in the COg 
■ Tar Acid Process 

It is advisable that frequent tests of the gg.ses be madq as they 
leave the coke furnace, in order to control the effiKent workii^ 
of the GOg tar acid plant. The most convenient apparatus tO, 
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use for tliis purpose is»thc Orsat. The manipulation of thij 
apparatus is so simple that aft intelligkt works plant man may 
be taught how to use it satisfactorily in-a very short time. It Is 
advisable fo estimate the c^nbon dioxide, oxygen and farbon 

monoxide in each exaiiftinatioii. , 

Coke .—The deliveries of this material should be examined 
for the amount 01 water, ash, and sulphur, and sampling before 
analysis must bf carried out wiWi care by one of the approved 
methods. To estimate the water, twenty grammes of the gwund 
coke are he;ded in an air oven to a temperature of iio t'- uml 
of constant wight. The ash.is aeten.pned by burning off twi 
grammes of the coke in a platinum dish andftvcighing the residue. 
Sulphur in* oke may be estif.ratcd by .Sl^jj-k’s method which is as 
follows: One gtamipe of coke in fine powder is mixed m a round- 
bottomed pla.tinum cajisule* with approximately ode gramme 
of half-hydnited caustic; lime, moistened with water (i c.c ), 
rapidly dneo and then heated in h muffle to bright redness until 
all carbon has disappe.ared. Tlie mass is allowed to cool, tcMiS' 

' ferred to a beaker, twenty c.c.’s of cohl disbjled.water and hire 
c c’s of bromine water added, and then 7I c.c. s of imre strong ^ 
HCl after which the lot is boiled for five minutes. The contents 
of the beaker are then passed through a filter paper (filtrate must 
be bright), the lioakor and the filter being well washed and the 
washings added to the filtrate. The filtrate and waslungs are 
then boiled, and whilst boiling 10 c.c. of a 5 per cent, solution of 
barium chloride is added, after wliich the bd mg is continued 
for half an hour. The precipitated barium sulphate is filtered 
off and weighed in the usual manner and tlie amount calculated 

into sulphur. ^ , 

Half-hydrated lime is made thus; Calcing a quantity of 
marble and divide the powder into two portions bo one of 
these add exactly the weight of water necessary to form Ca(UH)j 
and then mix with the other half. 

Determination of BEN7ENOin Hydrocarbons in Coal Gas 

Pending the discovery of sometliing better, the followiig 
methods are given. They are said to yield satisfactory results 

if carefully carried out.i , V « 1,. 

To estimate benzol or toluol in coal gas by absorptioft ts 
a rather difficult test, as at least 100 ctibic feet of gas should 
be treated, the content of these oils being so low. But the oleic 
affid test for light oils in gas is, as a works test fairly reliable, 
and useful where a stripping plant is in*tisc. ]ffiree bubbhng 
bottles should be used (about i-incti seal m each bottle) con¬ 
taining the cleic acfd (oleic acid B.P. is used), and a convement 
I Sec Gas World, Coking Section. Aug. 191O, p. 13. 
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amount of gas, say lo cul^ic feet, bubbled tI>rougli. ..After this, 
thb coiftents of the bottles should I 5 e steamed, i.c. steam bubbled 
tKroftgh and condensed by passing throiigh a suitable^ondenser, 
a meai'uring cylinder wing provided fo recci\'e the condensate, 
which consists of water and light'oil. T!ie latter can be easily 
read off, say as c.c. per cubic foot, and can be calculated to a 
convenient standard, say gallons per ton of coal (4543 c.c. to a 
gallon). Ten to fifteen minute? should be allw^ed for steaming. 
"In that time all recoverable liglit oil will have come over; and, 
of course, after a series of tests, if the oil be retained, there 
Y.'ould be a sidficignt quantity of if to fractionate in the ordinary 
way, separating the \Vater by means_,of a s(']>arator. :yid the last 
traces by means of tlip, addition of a little calcium chloride. 
The oleic acid, after scjiaration from water.as the result of the 
steaming, may be used agHn, and_will kst some number of tests, 
if a little fresh acid is added occasionally. Thisdest i^,in use 
on several plants. 

MuLi.Eii’s^METHorH'OR THE Determtnatiom of Benzol, etc., 
IN Crf.M, (i.AS ? ' 

« 

Miill/.'r’s method consists in passing a measured volume of 
gas first through a washing and drying train (consisting of two 
bottles containing 2.3 per cent, caustic potash solution, one 
bottle with 23 per cent, sulphuric acid, and two large tubes filled 
with granulated anhydrous calcium chloride), and then through 
four weighed absorihion bottles of “ oleum ])Ctroleum,” These 
are connected to a tilth empty and weighed catch-bottle, followed 
by a drying tube and the gas meter. Interposed between the two 
last-named is a,])rcssure gauge for correction of the results to 
N.T.P., if tliis is nece.ssary. I'he five weighed bottles arc placed 
in a shaUow tray and surrounded by ice. The train is connected 
to the gas main before the benzol scrubber inlet, and gas is 
passed through at a speed of 10 litres per hour. The increase 
in weight of the five bottles is taken as the weight of benzol, 
etc., in the volume of gas washed, A similar train fixed to the 
gas main at the scnibber outlet will indicate what amount of ben¬ 
zol is left in the gas, and from the two figures the scrubbing 
efficiency is .arrived at. The test should extend over at least 
tWntyfour hours, and be timed to correspond with the times of 
emptying the “ benzoT daily production ” tank, so that actual 
makes can be compared with the efficiency f^ures. The “ oleum 
petroleum ” of the British Pharmacopoeia is used. Its specific 
gravity should, be oM, its boiling point 360° C., it should be 
non-volatile at ordinary temperatures, and should deposit no 
solids at 0° C. 

" Sec Gas World, Coking Section, February 1917, p. 19. 
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• ' * , I 

Wilson ' and Bradley 2 favour the use of pt-uoicum msitciiu 
of oleic acj^l. The petroleum oil used im',st not yield anything 
under 200° C. when heated dn a retort. Coal gas is passed 
through the ])ctroleunT, and the increase in weight of the petro¬ 
leum after the passage of the gas is considered as benzenoid 
hydrocarbons, or else the ])etrokum is distilled lifter the g<as 
has been passed’tlirough it and tlie distillate collected up to 
120° C. (or 165” C.) is assumed fo be crude benzol. * 

There 1 = certainly a need lor a r.ap’.d and reliable works test 
for benzenoid.hydforarbons in.coal gas.-’ 

Testi.vg henzolisI'D and Di'iiENZtiWsED Oil ton Crude 
’ BijNZpL CONTEN-r 

I'wo^ hundred c.c.’s of .the oil are jilaced in a retort with the 
thermometer in flie liquid. Crte retort is connected to a 
moderately long air-cooled, or a short water-cooled, condensirjg 
tube and any distillate iqi to 160' C. collecti iin a 20 c.c. gradu¬ 
ated measure. This distillate is co4isidered as crude bdiizol. 

Determination of Nai'hth.\lene in Co.ai, (IaS 

Macleod and Henderson * recommend jiassing 0.7 cubic foot 
of gas per hour through a saturated solution of citric acid and 
then through a ten-bulb absorption tube containing 2.6 grammes 
of recrystallised picric acid and about 100 c.c. of water. At 
the end of the test the contents of the absorption tube are 
washed into a 250 c.c. flask and heated to 40° C. (104° F.) on the 
water-bath until all the picric acid has dissolved.^ After cooUng, 
the saturated picrate is filtered off and the unused acid titrated 
N 

with — soda. About 10 cubic feet of gas are passed through 

the apparatus, the actual amount being measured by the use 
of a meter. 

C. J. Dickenson Gair * gives the following method: About 
350 c.c. of acetic acid (sp. gr. 1.044) are taken in two Woulffti 
bottles or towers. A small Woulff's bottle containing 150 c.c. of 
picric acid solution is also placed after the acetic aejd bottles to 
act as a catch, and a measured volume of gas, not more than 3“ ts 
6 cubic feet usually, passed through at the rate of about i cubic 
foot per hour. If the gas is impure a bottle containing oxalic 
acid solution maintained at a temperature of 80° ,C. is fitted in 
front of the bottles containing the acetiif’acid. ,In the event 

^ Gas World, Coking^Section, Dec. 2, 1916, p. ii. 

® Gas Section, Jan. 6, 1917, p. 9. 

“ " Notes on Naphthalene m Coal Gas,*’ 1914, n. 299. 

Also 1913, p. 76. , 

‘ J.S.C.I., 1905, p. 1279. 
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0* there not being sufficient pressure to force the gas through 
the wash bottles, or if the gas be under vaciprm, use is 
.made hf a piece of apparatus which pulls the gas through the 
bottles by means of a water pump afid then automatically 
separates it from the water, the gas passing through the expen- 
mental metef at the ordinary atmospheric pressure. After the 
experiment is finished, the acetic acid and piOKC acid from the 
bottles are mixed in a flask, aiid about 500 c.c. of concentrated 
picric acid solution added. Pure naphthalene picrate separates 
out at once, i.n large flocl.'ulent masses, which have the advantage 
of being extremely easy to filter. Ah or filtering, the naphthalene 
picrate is dried in vacua or in a waiin room, and weired. 

Determination of the* Percentage of Benzene, Toi.uene 
AND Xylene in Commercial Tof.uoL, and the Analysis 
OF Crude Benzol from Coal Gas, etc., only containing 
Negligiule Amounts of Paraffins 

'by’h. G. Colman, 1)„Sc., Ph.D. 

Through the great courtesy of Dr H. G. Colman the writer is 
enableil to place before his readers these methods of analysis 
in full: 

In devising a test for the determination of the amount of 
the three main, constituents of commercial toluol, namely, 
toluene with benzene and xylene, the object aimed at has, 
been to work out a test complying as far as possible with the 
following conditions : 

(1) The results obtained should have a reasonable degree of 

accuracy. 

(2) The time required for carrying out the test should be as 

short as possible, consistently with fair accuracy of 

results. 

(3) The apparatus employed in the test should be such as 

can be obtained readily. ■ 

As the result of a large number of distillations of varying 
mixtures of known amounts of pure benzene, toluene, and xylene, 
cairiejl out* in an ordinary Wurtz distilling flask, it was found 
that if the distillation is carried out under uniform conditions, 
it is possible to ascertain .with reasonable accuracy the per¬ 
centage composition of these mixtures by the determination of ., 
the fractions {a) boiling below 104.7" C. and (6) boiling above ; 
115.9° C. Further experiments with similar mixtures of pure^ben- ! 
zene, toluene, and xylene, but also containing small quantities of 
the other .substances often present to a limited exttiit in comtner-; 
cial tSluoi, such as carbon bisulphide and cumenes, showed that' 
the pres.ence of these does not materially influence fhe result^ ,, 
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vrukcuiivu* IX L able construAed front the results obtained with 
the mixtures of pure benzene, toluene, and xylene may there¬ 
fore be eiSployed with reaspi^ible accuracy in the determination 
of the percentage 0* these constituents in commerci^ toluol 
which has been properly' washed wtlh caustic alkali and sulphuric 
acid to remove ithcnols and unsatuiatcd compounds, this being 
distilled under, the same conditions as ^yere employed with the 
pure mixtures and the percentages boiling below 104.7° anciabove 
Il 5 .g° asceuained. 

The presence ef paraffin hydrocarbyns of sjihilar hpiling point 
affects the results of the tests, but an af)proximate correction 
on this account for quanlities of p^jiflins not exceeding 4-5 
per cent, of the wl)ple may be obtained from the specific gravity 
of the distillates. • , 

In the diagram, jyvge 262, drawn up from the results 
of a series of teJts with mixtiAes of known composition, the 
percentages boiling below 104.7° given in order liorizontally 
from left to right, and the percentages abym j 15 Q" vertically 
from bottom to lop. The percentage of benzene is found by 
noting the point vertically above the figure giving the percentage' 
below 104.7°, ^ horizontal line with the figure sh«wing the 

percentage .above 115.9°. From the position of this point with 
regard to the series of curves in broken hnes, and numbered 13 
to 35, the percentage of benzene in the sample may be read off. 
In the same manner from the position of this point with regard 
to the series of curves in full lines, and numbered 50-75, the 
percentage of toluene in the sample may be read off. The per¬ 
centage of xylene is found by taking the difference between the 
sum of the percentages of benzene and toluene and 100. 

The diagram only holds good generally for samples contain- . 
ing from 50-75 per cent, of toluene, and for such as give at least 
5 per cent, and not more than 50 per cent, either below 104.7° 
or above 115.9°. In the great majority of cases the commercial 
samples fall within the limits named, but by a simple modifi¬ 
cation, the exceptional samples can also be analysed in a similar# 
manner. 


Mode of Carrying out the Test , 

Apparatus • 

* 

A standard Engler 100 c.c. distillation flask, as employed in 
the petroleum industry, having the following dimensions: 
Internal diameter of bulb . . 6.5*centimetres. 

Length pi neck* .... 15 0 „ 

Internal diameter of neck . . 1.6 ,,^ 

Length of side tube . . • . lo.o „ 
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Vertical height of side’ tube above 
surface of liquid when flask is 
charged with ido c.c. . ^ . q.o centimetres. 

' Angle of side tube . . ^ i 75.0 degrees. 

Round-bottomed flask of 150-200 c.c. rapacify. 

A Young T2-lnlb “ pear ” fractionating column or other 
efficient column. , » 

Efficient water-cooled condenser, perferably a lo-inch 
Liebig condenser with four bull)S blown on inner tube and placed 
vertically. Connection ^1fitll distillation flask unay, be made by 
an adapter, or 'by fusing an additional length of glass tubing 
on to the side tube of ./Jask, and bending to fit upper end of 
condenser. ' ,, 

Set of 100 c.c. graduated cylinders. • 

Thermometer registering from 50-15/1° C. and graduated in 
Jth degrees. '' ' 

Correction of 100 c.c. Cylinders .—The graduations of the 100 
c.c. cylinders so'd ace sometimes incorrect to the extent of i c.c. 
The cjdinders empliiyed must be standardised by running into 
them known quantities of liquid, preferably toluene, from an 
accurate burette. 

Correction of Thermometer for Buromeiric Pressure.— Each day 
before testing, the correction for barometer must be ascertained 
by placing the thermometer in a distillation flask with the bulb 
just below the siek tube, and boiling ihstilled water in the flask. 
The difference between the observed thermometer reading and 
100° (Nat. Rhys. Lab. Standard) is taken as the correction of 
the thermometer for that barometric pressure. Thus if the 
water is found to boil under these conditions at 99.4°, and the 
thermometer registers correctly as regards scale graduation at 
100°, then 100 —99.4° =.6° must be deducted from the readings 
of that thermometer corresponding to 104.7° (N.P.L. 

Standard) to obtain the actual points of interruption of the 
distillation to be employed at that baromelric pressure to be 
equivalent to 104.7° <‘nd 115.9° corrected (N.P.L. Standard). 
If the water is found to boil at 100.2°, then 100.2°—100 -- 0.2° 
must be added to the readings corresixmding to 104.7° 

If the the'-mometcr is not correctly graduated at 100°, then 
the cor.cction is found by taking the difference between the 
observed boiling point of distillei} water in a distillation flask 
and the reading of the thermometer corresponding to 100° 
N.P.L. Standard. Thus if the observed boiling point of distilled 
water in the Wurtz flask is 99.4° and the scale graduation of 
100.4° on that thermometer corresponds to 100° (N.P.L. 
Standard) then 100.4 — 99-4 = must bc‘'deduoted from the 
readings, of-that thermometer corresponding to 104-7° and 
115.9° (N.P.L. Standard). ' 
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StandarHising ofTliermomef:^. —Tht» thermometer used^ilioulcf, 
be standardised (with scale fully imiaerscd) to the Natibiidl 
Physical Lalioratory Standard,^iid the necessary scale corrections 
made. ’ , 

If a thermometer nils to be used the scale correction of 
which is unknown, this may be Standardised»for ihe purposes 
of tills test in tl^o following manijer: ,, 

A mixture of pure bonzcne.otolucne and xylene in known,» 
proportions i,. macle up (one containing 20 per cent, of benzene, 
65 per cent. toluene and 15 pei cent, o( xylehe forpis a con. 
venient composition). Enjin the diagram,ht will be seen that 
100 c.c. of kich a mixture sliould give ^22 7 r.c. distilliiig up to 
104.7" ^"0 20.5 c.c. residue at ir_^.()" corr., and the frac¬ 

tion 104.7-115.9° should he ioo—22.7—20.5 ^ ,=^6.8 c.b. 

100 c.c. of the mixture,is th?n distilled in the manner specified 
above and tlib teitiperatuiv on fhat tliennometer ascertained 
and noted at which (after draining) 22.7 c.c. have distilled over. 
The distillation is then contimieil, and the i niijj'rature ascei* 
tallied and noted at which (after,draining) a further 5(1.8 c.c 
have distilled over. The two temperatures thus ascertainod 
represent the actual temiieratiires to be employed as iutemip- 
tion points of the dis( illation, with that thermometer and at 
that barometric pressure. The correction lor barometer, etc., 
at that time is determined by' placing tlic thermometer in a dii- 
tillation flask with the bulb just below the side*(ube, and boiling 
distilled water in the llask, the necessary correction being the 
difference between the reading thus found and 100°. This 
difference, added to each of the temperatures found as above, 
giv*s the actual corrected temperatures to 1;*; employed as 
iutsrniption points for the distillation with that thermometer, 
equivalent to 104.7° ‘“I'i corrected N.P.E. Standard. 

. Thus, for example, if it is found with a thermometer that 
with the above mixture the temperatures required to give 
22.7 c.c. of the first fraction and 56.8 c.c. of the second fraction 
are 104.0° and 115.7° resjiectivcly, and that the boiling point 
of distilled water at the same time is found to be 99.5, thcfli 
the actual corrected temperatures to be employed when using 
this thermometer to correspond to 104.7° corrected, 

N.P.L. Standaref, are 104.0 1 0.5° and IJ5.9 - 1 - 0.5-104.5° 
h 6.4° respectively. These aje then taken as the corrected 
distillation interruption tem])erathres lor this thermometer, 
the barometer correction for the day being taken in the manner 
prescribed above. • 

The correctness of these temperatures should then be tested 
by making imo or Ihree mixtures of different proportions of 
benzene, toluene and xylene; and subjecting these to tl)^ test, 
and seeing whether the results obtained agree substantially 



266 tOAL TAR DISTIJXATION 

I ■ ' ■ • 

,wth the actual percentages of 'benzene, toluene and xylene 
tSikin. ■ ' ^ 

Any thermomete! used for rnal,<ing the test, even when the 
gradu,ation has been standardised, should hrst be tested with a 
mixture of known amounts of pure beiizcne, toluene and xylene, 
as it has been found in a few instances that thermometers which 
are perfectly correct, in theirrgraduation do'not give correct 
' results. So far as at pre5cnt^ ascertained, this appears to be 
due in some way to the composition of the glass used in maldng 
the thermometer, widely causes a “ lag ” in ttie readings of the 
thermometer when hi vapours of low latent heat such as benzene 
and toluene. 

In order to check the whole apparatus, thermometer and 
method oi worldng, it i," advisable occasionally, after making 
an analysis of a toluol ot unknown ccimposition, ,to ma)ce up a 
mixture of benzene, toluene afid xylene in tlfc proportions found 
by the test in that sample, and put this mixture through the 
test ; if all is in, order, the percentages of benzene, toluene, 
and xylene found by the test to be present in the check mixture 
should substantially agree with the actual percentages taken. 

Method of Distillation 

I 

Engler loo c.c. distillation flask and condenser to be washed 
out with the toluol to be tested and allowed to drain. 

100 c.c. of the toluol (the temperature of which is taken) to 
be tested is jmured into flask from graduated cylinder, the 
latter being drained out only. 

Small naked flame under flask with wire gauze screei, to 
protect flame and bulb of flask from draughts. 

Top of thermometer bulb just below side tube of distillation 
flask. 

Rate of distillation 7 c.c. per minute from end of condenser, 
the distillates being collected in 100 c.c. cylinders. 

When the thermometer reaches 104.7° C. (corrected) the heat- 
ilig is stopped, the condenser allowed to drain, and the receiver 
changed; the distillation is continued till the theimomeibw? 
reaches 115,9° C. (corrected). The heating is then stoppedf 
tondenser allowed to drain, and the residue in the flask, After, 
complete cooling, drained into a 100 c.c. cylinder. The number 
of c.c. distilling (i) below 104:7°, (2)between 104.7and 113.9°, and; 
{3) above 115.9° are read off at a temperature approxiniating to 
that found forithe or^^inal sample when measuring out the 100 c.c, \ 
taken for analysis. The combined amounts of the three distillate|, 
should not amount to less than 99.5 c.c. 

Fgom the amounts boiling (a) below i04.7°.4ind (6) above 115.9"?;' 
the percentage of benzene and toluene in the sample is foimd*: 

'■A- 
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subject to the correction fof paraffiil content specified* beloWj 

by means of the diagram. • ’ “ 

Thus if the percentage foijnd below 104.7° 's 39 ’ that above 
115.9° is ^3' th| perceatage of benzene in the sample is 25.0, and 
that of toluene 65.0, arid that of xylene, found by difference 
from 100, is'io.o. * . 

The diagram’only holds gocri for s mples containing 50-75 
per cent, of toluene, and for those which contain such anvounts* 
of benzene a.vd xylene as yield not less than 5 per cent., or more 
than 50 per cent, cither below,io4.7° oi,above 115.9“., 

In cases where a sample docs not fall \tlthm these limits the 
analysis may be made in thi following modified manner: 

A measured" amo.unt of the sample less than 100 c.c. is taken 
and made up to 100 c.e. by the addition of sueft measured 
volumes of jrare benzenj toluene, or xylene that the resulting 
mixture com^ within the speciiitd limits. The percentages of 
benzene and toluene in this mixture are then ascertained in 
the manner specified above, and from tlie'e percentages are 
deducted the volumes of benzene and toluene (if any) which 
have added to make up the 100 c.c. The figures thus obtair/ed' 
give the number of c.c. of benzene and toluene contained in 
the volume of the original sample taken for analysis, and the 
percentages in this sample are •found by multiplying these 
figures by 100 and dividing by the volume taken. 

The benzene employed for such addition should distil within 
a range of about 0.5°, and have a sp. gr. of 0.883-0.885 at 15.5°, 
and the toluene should boil within a range of 0.5“ and have a 
sp. gr. of 0.870 at 15.5°. The xylene ordinarily obtainable, 
befhg a mixture of several isomerides, has no constant boiUng 
point, btit should distil within a range of 138-143° C. corr. 

The volume of the sample it is desirable to take, and the 
amounts of benzene, toluene, or xylene to be added, may be 
judged from the results of the first distillation. Examples are 
given below of the proportions actually adopted in the case of 
typical samples not falling within the limits of the diagram. , 
(l) The percentage of the sample boiling either below 10477°. 
or above 115.9° roay be below 5. 

In this case 90 c.c. only of the sample is taken, and nyxed 
previous to distillation with 10 c.c. of piye benzene if in f he fiftt 
test the distillate below 104.7° *5®6n found less than 5 per cent., 

dr with 10 c.c. of xylene if the am'ount boihng above 115.9° has 
been found below 5 per cent. ,, • 

Thus if the first test showed less than 5 *pcr cent, below 104.7°, 
and a mixture of op c.c. of the sample with 10 c.c. of benzene 
gave id per«8ent. bSow 104.7° and 17 c.c. above 115.9“, the per¬ 
centage of benzene in the mixture is found from the (Jiagram 
to be 15 and that of toluene 74. ‘As 10 c.c. of benzene was 
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jdded i.nd no toluene, the‘90 c.c. ot the original sample contains 
15 -io c.c. =5 c.c. ol benzene and 74 c.c. of toluene, ^nd the per¬ 
centage, of benzene, toluene, and,xylene in the origmal sample 
is as follows: 

1.. 5 X100 , 

Benzene = - - - = 5.5 per cent. 

90 

, _ , 74 X100 „ 

Toluene = - --02.2 

go 

’ » Xyleuf, by differences 12.3 ' 

(2) Tlic percentage^ Jxiiliiig lolit below 104.7° and above 
115.9° may be so low" lli.at there is no correSjionding entry 
in the diagram. . 

In this class, which includes's,amp!es containing high per¬ 
centages of toluene, 80 c.c. of the original sample'inay be taken 
and mixed with 10 c.c. of pure benzene and 10 c.c. of pure xylene, 
atid the percentage of benzene and toluene in the mixture de¬ 
termined as above. The ])e-centage ol benzene thus found, 
less the 10 c.c. of benzene added, multiplied by 100 and divided 
by 80, gives the percentage of benzene in the original sample, 
and that of toluene without deduction, also multiplied by 100 
and divided by 80, gives the percentage of toluene in the original. 

Thus if a mixture of 80 c.c. of a sample with 10 c.c. of benzene 
and 10 c.c of xylcao showed the presence of 14 per cent, of ben¬ 
zene and 74 per cent, of toluene, the original 80 c.c. contained 
14-10 c.c. - 4 c.c. of benzene and 74 c.c. of toluene, the per¬ 
centage of benzene is 5.0, that of toluene 92.2, and the xylene 
by difference 2.ti ' 

(3) The percentage boiling above 115.9° I*® high that 

there is no corresponding entry in the diagram. 

In this class 80 c.c. is taken and mixed with 20 c.c. of benzene 
previous to distillation. The figure found for percentage of 
benzene in the mixture less the 20 c.c. added, and the toluene 
.figure without deduction, multiphed by 100 and divided by 
80, give the percentages of benzene and toluene in the original 
sample. 

(^4) The percentage boiling below 104.7° may be so high that 
there is no correspondii(g entry in the diagram. 

In this class, which comprises,samples containing relatively 
high percentages of benzene and low percentages of toluene, 
80 c.c. of the sample is mixed with 20 c.c. of pure toluene. The 
figure found fpr percentage of benzene in the mi.xture, without 
deduction, and the toluene figure, less the, 20 c.c. added, give 
the amount of benzene and toluene contained in Go c.c. of the 
sample,. 

Thus if 80 c.c. of a sample mixed with 20 c.c. of pure toluene. 
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showed as ‘the result ftf thf distillation of the mixtijre IJia 
presence-in the latter of 29 per cent, of benzene and 58 per sent.’ 
of toluene, t(ie number of c.c. of benzene in,80 c.c. of the original 
sample is 29 and that of toluene 58 — 20 =38 c.c., and tile per¬ 
centage compo^tion (if the sdnrple is 36.2 pei cent, benzene, 
47.5 per cent, toluene, and (by di.fference) 16.3 per cent, xylene. 

• * * 0 

Correction for Paraffin Coniefil of Toluene in Government ' 
Toluol Contracts , 

• * * i J j •» 

In the case of Government contracts fof the supply of com¬ 
mercial tolflol, the conectioA tor p.irailin content, wlficli is only 
requiied on tlie-pcrcpntage of toluene, is made in the following 
manner: . • ^ " 

too c.c. oHhe samplers pieced in a round-bottomed flask of 
l50-20(? c.c. cajiacil^, fitted with a'suitablc fractionating column 
such as a Young 12-bulb “ pear ” column and distilled at thg 
rate of about 4 c.c. per minute from the end ot 5hc condenser. 
The fraction distilling between 107-115° (corrected) is" collected 
separately, and its specific gravity at 15,5° C. ascertained Ify 
any method giving results accurate to the third place of decimals. 
For every 0.00 •: thai the specific gravity is found below 0.868, 
a reduction at the rate of J per cent^is to be made on the amount 
of toluene found by the distillation test. 

Thus if the percentage of toluene found by the distillation 
test is 70, and the specific gravity of the fraction 107-115° 
obtained in the prescribed manner is 0,864 “tf 15-,^^. 4X4-3 per 
cent, of the figure showm by the distillation test is to be deducted. 
Thm corrected percentage of toluene, allowing for paraffin 
coqipnt, is therefore 70 - 3 per cent, of 70 =70 - 2 =68 per cent. 


Correction of hath Benzene and Toluene Percentages for 
Paraffin Content in Commercial Toluol 

When the mixture of benzene, toluene, and xylene is to 
analysed for both benzene and toluene content, and contains 
also moderate amounts of paraffins (4-5 per cent.), an 
approximate correction for these may be made as foBows ^ » 

The distillation of 100 c.c. of the sample is carried out in the 
manner already described, and thi; percentages boiling below 
104.7°, between 104.7-115.9°, and above 115.9° ascertained, and 
in addition the sp. gr. of the fractions belowi 104.7* and between 
104.7-115.9° determined at 15.5° C. by any method^iving results 
correct t^ the third decimal place. If the temperature is above 
or below 15.5**C., the result may be corrected to that tempera; 
ture by adding 0.0009 each degree .above or deducting ^.0009 
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each degree below iSiS". Th^ “ uKcorrected ” ^rcentages 
'of'bgnzene and toluene are then ascertained by meafls of the 
diagram. For each p.odl that the sp. gr. of the fr^tion below 
I04.7“'is found less than 0.873, a reduction at the rate of i.o pet 
. cent, if to be made on the “ uncotrected ’“irercentage of benzene, 
and for each 0.001 that the sp gr. of the fraction 104.7-115.9“ is 
found below '0.8/0, a reduction at the rate of frds per cent, is 
to be made on the " uncorrectrtl ” percentage of toluene. 

Tnus, for example, the distfilation of 100 c.c. of a sample of 
commercial tobtol containing paraffins gave the following 
results: • • ' , ' ' ' ‘ ' 

Below ^04.7“ . 2().S per cent. sp. gr. at 15.5“' = 0.864 

104.7-115.9° . '4'7.6 „ sp. gr. at 15.5° = 0.867 

Above 115.9° • 22.5 „ . , 

From the diagram the uncorrected percenttig^'S of jicnzenc 

and toluene arc: ' ' 

Benzene . . . 23.5 per cent. 

. Tdlucn'e . . ^ . 60.0 „ 

" The sp, gr. of the fraction below 104.7° being 0.864 or 9 in 
the third decimal place below 0.S73, and that of the fraction 
104.7-115.9° 0.867 or 3 in the third decimal place below 0.870, 
the corrected percentages arc found as follows; 


Benzene 

Pec cent. 

Benzene, uncorrected . . . . = 23.5 

Paraffin correction 9 x i 9 per cent, of 

23.5 p'er cent.= 2.1 ■ 


Benzene, corrected for paraffins . . . = 21.4 

Toluene 

, Toluene, uncorrected .... 

Paraffin correction 3 x 5 = 2 per cent, of 
60 per cent. 

<11 * (1 

Toluene, corrected for paraffins . 

Removal of Carbon Bisulphide 

The small' amounts of carbon bisulphide sometimes present 
in commercial toluol do not materially a/fect the results. In 
the case of products which contain large amouifts of benzene, 
such li 50/90’s benzols, this impurity is often present in con- . 


f^cent. 

= 60.0 
= 1.2 

= 58.8 
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siderable qvMUitity and must Ije removed before analysis by the. 
above method. , ’ 

For this purpose, i25o c.c. of the sami?le i| placed in a separat¬ 
ing funnel, 30 c.c. of a.io pear eent. alcoholic solution of caustic 
soda or 10 per sent, aftojiolic sodium ethylate added, ard the 
whole well shaken, after which lop c.c. of water is added with 
renewed shaWng. After settling, the lo\jer laybr is? run off, and 
the oil washed tVice with succ*ssive quantities of 20 c.c. of 
water, the washings being added to the alcoholic soda ext?act. ’ 
The oil is then dried for thirty minutes A'ith a little anhydrous 
•calcium clilonai!, filtered into a 250 c.a fl^ksthrough a small’ 
amount of ^otton wool placed in the stalk of a funnel, the 
drying matcrial_and filter tong w.xsliad with sufficient pure 
xylene to make up the volume to 250 c.c. „ 

(The alcoholic caustic ilbdfi jir sodium ethylate may be made 
with eijiyl al^hol. or with “ industrial ” methylated spirit, 
but not with ordinary mctliylateil spirit, as the latter contains 
paraffins.) 

The oil thus treated represents the urigii .J sample, except 
that the carbon bisulphide in it llhs been replaced by xylene, 
and the determiuetion of the percentage of benzene and toluene 
may be made in the manner already described. The difference 
between the combined percentages of benzene and toluene and 
100, however, no longer gives the pffreentage of xylene, but that 
of xylene-(-carbon bisulphide in the original sample. 

If an estimation of the carbon bisulpliide^s required, this 
may be made as follows: The combined alcoholic soda extract 
and washings are boiled to drive off alcohol, cooled and made 
up to 250 c.c. 25 c.c. of this solution (containing therefore the 
cjf TOn bisulphide present in 25 c.c. of the sample*) is boiled with 
3-4^ammes of sodium peroxide, which converts the sulphur of 
the carbon bisulphide into sodium sulphate. The solution is 
then made slightly acid with hydrocliloric acid, filtered, and 
the sulphur determined as barium sulphate in the usual manner. 
The weight of barium sulphate found multiplied by 0.163 gives 
the number of grammes, or multiplied by 0.128 the number 
C.C., of carbon bisulphide present in 25 c.c. of the sample, and 
these figures multiplied by 4 give respectively the number of 
grammes of CSj per 100 c.c. and percentage by vohime of thj 
carbon bisulphide in the original sample. • 

Analysis of Unwashed Comtnercial Toluol 

In the case of a sample of toluol which has ndt been previ¬ 
ously fr^d from unsaturated compounds and phehols, these 
must be renfbVed before analysis. For this purpose 250 c.c. 
gf the sample are placed in a separating funnel, and shakftD for 
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'j,minutes with 20 c.c. concentrated surpliuric acid,^ind allowed 
*to settle for 15 minutes. The acid layer is then run off, and 
the residual oil wasljpd successively with 20 c.c. of/to per cent, 
aqueous caustic soda aud 20 c.c. 'of'water. If carbon bisulphide 
is alsc present in more than sma'il amoufit, this- is also removed 
by means of alcoholic caustic soda in the manner already 
described, 'fhe oil is then dried lor 30 _ minutes with a 
, littlg. anhydrous calci'am chlortde, and filtered‘through a small 
amount of cotton wool placed in the stalk of a funnel, the dry¬ 
ing material ap.d filter being washed with 2 to 3 c.c. of pure 
.xylene afid the filtered' oil distiKed, using good t olumn, up to 
140° C., cvllectiug the distillate in a 250 c.c. Ilask. The contents 
of the latter are math*-up to 250 c.c. with pure xylene, and 
well mixed by shaking. _ ' 

The oil thu"? obtained represents {he original sample, except 
that the uusaturated compqunds, phenols, antV carbon bisul¬ 
phide have been replaced by xylene, ami the determination of 
the percentage oi benzene and toluene is then carried out as 
already described* Men' also the dificrenco between the com¬ 
bined percentages of benzene and toluene and loo no longer 
gives the iiercentage ipI .xylene, but that of xylenc-)-impurities. 


Unsuturali'd Componnds, tfc., in Washed Commercial Toluol 

qo c.c. of a sipiijile of washed commercial toluol, when shaken 
for 5 minutes with 10 c.c. of qo jier cent, sulphuric acid, should 
not impart more than a light brown colour to the acid layer. 


Comparative Quanlitative Test for Amount of Unsaturated dom- 
poimds present in Commercial Benzol, Toluol, etc. 

A comirarative buautitative indication of the extent to which 
a sample of washed commercial benzol, toluol, or solvent 
naphtha still contains impurities such as unsaturated com¬ 
pounds and thiopiien derivatives, may be obtained by deter¬ 
mination of the amount of oxygen it will absorb from potassium ^ 
permanganate under specified conditions, as follows: 

80 c.c. of water .and 10 c.c. of dilute sulphuric acid (made by 
fdtling I part by weight of concentrated sulphuric acid to 3 
parts by weight of Water) are placed in a stoppered bottle of 
about 300 c.c. capa.city. to which 10 c.c. of the sample of benzol, 
toluol, or solveitt naphtha is added, and the whole shaken. 

The temperature'of the liquid should be maintained at as 
near 15° C. a{’practicable, and should not exceed 25°. 

50 c.c. 'of decinormal permanganate solution is then added, 
and the whole shaken continuously for exactly {Rree minutes; 
if, att'^he end of half a minute, the permanganate solution is 
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markeeli^ Oecploiised, & fiiryier 50 CjC. of decinormal fwrniaft- 
ganate is added and the shaking thep continued for a furtke'S" 
2| minutcK. The‘excess of permanganate is then immedi¬ 
ately destroyed by the addkidn of 10 c.c. of a 10 per cent, solu¬ 
tion of potassium ioclida, wilft vigorous shaking. * 

The resulting solution containing iochn^ is ^ then titrated 
with decinormij: sodium thiosulphate*- solution, shaking well 
between each addition, until bSth layorS in the bottle bgcomn 
completely colourless. The enci-point i f the titration is sharply 
indicated b; the final disappearance r* the violet colour of tbe 
benzene layer, and there ii? no necessity to add'starch as 
indicator • • • 

The numbec of c.c. of thiosulphate**)Iution required for the 
titration is deductetl from the volume of permanjipnate solu- 
tioi taken, the difference giving the mimb.'r of C.c. of decinormal 
potassium p umaijganat? soluti ji redticed by 10 c.c. of the 
sample under the above conditions, and this figure gives a com¬ 
parative indication of the extent to which Uie .sample contaifts 
oxidisable impurities. ^ • . 

If the number of c.c. of potassium permanganate solution ■ 
used is multiplied liy o.ooS, the resulting figure gives the^number 
of grammes of oxygen absorbed from permanganate by too c.c. 
of the sample. , 

Analysis of Crude Benzol from Coal-gas or zhialogous Products 
consisting chiefly of Benzene, Toluene in smaller Proportion, 
and still smaller Proportions of Solvent and Heavy Naphtha 
Constituents. 

The sp. gr. of the sample is taken and recorded. (Specific 
gralntics tlnoughout are to be given at C. or 60° Fahr. 
com]iared with water at 15.5° C. or 60° Fahr. Correction for 
temperature 0.0009 degree C. or 0-0005 for each degree 

F'ahr.) 

250 c.c. of the sample are distilled from a round-bottomed J 
flask (preferably of metal) fitted with a Young 12-bulb " peai»” ^ 
column (or other cflicient column the contents of which drain 
out completely), and the distillate to 170° C. cpllccted and 
measured, the rate of distillation being about 4 c.c per min’ut*. 

Loss on Alkali Washing .—The distillate is well shaken with 
50 c.c. of 10 per cent, aqueous caustic soda, allowed, to settle, 
the caustic la3’er run off, the oil washed with 20,c.c, of water, 
and the residual oil measured. The loss VI volugie is taken as 
the loss on alkali washing, and calculated as percentage of the 
original oil. . * 

Loss on Acid Washing .—The oil after alkali washing is jhaken 
with 8 per cent, of its volume of concentrated sulphuncf acid 
S 
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far, five, minutes, allowed to settle, for fifteen'mimitt’s, and the 
Itf.idHal oil washed successively with water, 20 c.c. of 10 per cent, 
aqueous caustic soda, and finally with 20 c.c. of w-.iter. The 
volume’of washed oil is measured,’and the additional loss of 
volume taken as loss on acid walslung and caloulated as per¬ 
centage ot the original oil. 

(If the loss on alkali, washing and acid washing are not re¬ 
quired separately, tin? washing with 50 c.c. of cirustic soda 
solution is omitted, and the wishing carried out diicct with 
S per cent, of concentrated sulphuric acid, alkali and water, as 
under “ loits on acid washing.” Ih that case, the tibscrved loss 
is “ loss on acid and alkali washing.”.; 

The washed oil is drr, .1 with calcium chloride for 30 minutes, 
then filtered through a little cotton-wool pi,iced in the stalk of 
a funnel, the drying material and filter being washed out with 
2-3 c.c. ot .\ylcne. " . 

The dried oil is then redistilled, using a Young 12-hulb 
“<pear ” or other efiicient column, at the rate of about 4 c.c. 
per minute, anil tin following fractions collected : - 
(i) I'raction up to qo°. 

. (2) I'raction qo-iqo”. 

(3) Traction 140-170°. 

(4) Resic'ue at 170°. 

Tractions (1), (2) and (4) arc measured, but the fraction 
140-170° is neglecied, as this contains most of the .\ylene added 
lor washing out the calcium chloiide, and the volume of this 
fraction is taken as the difference between the sum of the volumes 
of (i), (2) and (4) and the volume of oil after alkali and acid 
washing. ‘ 

Note. —With samples which only contain small amountt, of 
xylene, etc., the thannometcr in the above distillation may not 
reach 140°. In that case more xylene is added to the residue 
in the flask, and the distillation continued to 140°, the deter¬ 
mination of fractions (3) .and (4) being in that case omitted. 
This addition of xylene must no/ be made before the fraction 
“'up to qo° ’’ has been collected. 

Tractions (i) and {2) arc then further examined as follows;— 

^ ' (1)1 Fraction up to 90°. 

The firet fraction, obtained finder the specified conditions, 
consist of benzene and toluene only, together with small amounts 
of carbon bisulphide''!ind paraffins, if these were present in the 
original saippfe. These, if present and to be allowed for, are 
estimated in the manner described latei. ’* ' 

Assuming their absence, in order to determine the percentages 
of beniene and toluene in this fraction, tliis is distilled in the 
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Engler standard flask*presaribed iiuthe “ Commercia>Tol«o 1 ,” 
test at tile rat(‘ of 7 c.c. per minute, and the percentage boiling 
up to 85 • (corr.) ascertaineci. (Wlicn the total volunie of the 
fraction exceeds 1014 c.c.,*o;ily 100 c.c. of it is taken^ for the 
analysis.) ° 

From the iicicentage boihnghip to 85° (c»iT.).tho percentage 
of toluene is iwnd by means ijf a gr ')]!, which is best worked 
out for the actual thermomete* and apparatus used by distilling 
in it the following mixtures ; — 



* I’un- fiin/i-m.’. 

I'tllC lolllfUt*. 

ft) . 

• ■ 971'-''- 

3 i.c. 

(2) . 

ygt.c. 

6 c.c. 

(3) • ■ 

(4) • 

, . 00 c.c. 

. • .85 c.c. 

10 t.c. 
15 I'.C. 

t.s) • • • 

•. 80 c.c, 

20 C.C. 


From the (lercentagc ol these kno'' n 1," stays boiling up*to 
85" (corr.), a graph is jilotted out,with the percentagt- of toluene 
as ordinates and the jiercentage of distillate to 85° at abscissa-,' 
aii'l this gni))h can then be employed for finding the jt-rcentage 
of toluene an 1 (by difference) of benzene in an unknown mixture 
of the two from the percentage distilling u]) to 85“. Working 
m this manner, errors due to incorrect graduation of the ther- 
mojaetcr arc eliminated. • 

Note.— In drawing up the graph, some temperature, other 
than 85° may be adopted if desired, such as yo", but lor jK-rc.cnt- 
ages of toluene such as are. found in the fraction “ up to go° ” 
ir im crude benzols (mostly from 5-10 ]ier ceiy.), 85“ is a con- 
ygjient temperature. The essential point is ‘hat the tempera¬ 
ture of interruption employed in the analyijis is the same, as that 
used in the tests of known mixtures for plotting out the graph). 

The correction of the thermometer for barometer and un¬ 
healed stem may be made according to the tables given by 
Northall-Lauiie (Analys., 11)15, p. 388), or the approximatiV 
correction given in the “Commercial Toluol” test may*b^ 
employed. In this the boiling ])oint of distilled water given by 
the thermometer is taken in a Wurtz flask, with top of .ther¬ 
mometer bulb just below side tube of,flask. The arttmnt by 
which this figure is below (or above) the temperature shown by 
this thermometer as the boilmg Jtoint of water at normal bar¬ 
ometer with stem completely heated (joo° if thermometer is 
correctly graduated) gives the correction for baipmeter and un¬ 
heated stem at the then barometric pressure, and this figure 
must bb deeded from (respectively added to) 85° to find the 
actual temperature to be used on that thermometer at ^he then 
barometric pressure. 
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Tra«tion 90-*[40°. 

, This iractum. cbta^nea under the conJitfens 
ists of-benzene, toluene ^nd xylDu' onlj togetkr^^^^ 

araffins of similar boiling 1’","’* latter when 

riginal. The estimation and .allowance for the latter, wn 

'f" ‘rtr:l^ 

ifsgiiSliiS 

1 +w llu> Iinount of the three, constituents in the total 

IgigliliMip 

Luming that carbon bisulphide and paralfins are absent. 


Fraclion 140-170°. 

This fraction, 

of ^of xwlene found in fraction 90-140°, the 

, r oi's u sKrra?air.rt .3 « 

centage of the original. 

Fraction above 170°. 

This fraction consists of high I'oiling substances which came 
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Example.^ 

(CSj tiiid paraffins assumed to be absent.) 

250 c.(* of a criidt benzol isp. gr. o.SpSt) gave 208 c.c. <iistillate 
up to 170°;— « * . 

7 • I’cr cent, of oflgiii. 1 . 

Up to 170” . . . . • 8.3^ per cent. 

Residue 170° (by difl.) ^ ^ . iC,8 

The 208 c.c. up to 170° gav^: 20O c.c. after alkali washing aivi 
IQO c.c. after acid washing : ■ 

Loss or nlkali washings 2 c.c —^).8 per^dent. originals 

., „ acid- ,, =16 c.c.=T).4 j)or*ccnt. ,, 

The aP'ove lyo c.c. of \^ashcd oil a^jr drying, etff., gave :— 

(1) Uptoyo°,.Igb.SC.c. 

(2) 90-140“ . . .* ... 51.0 c.c. 

id) '4('-i70° by difference . . . .'i-S c.c. 

(4) Above ifo" . . ’ . . • . g.o c.c. 


Fraction up to (jo“. . . 

TOO c.c. of the 12O.5 c.c. gave kb.o per cent, distilljng to 85° 
(corr.) 

Thereiore from graiili . « Benzene = 92.1 per cent. 

• Toluene - 7.9 

And in the wliole 126.5 c.c. Benzene *116.5 c.c. 

'roluene = lo.o c.c. 


l-'raction 90“-140“. 

40 c.c. of the 51 c.c. of this fraction were pjixed with 50 c.c. 
uurc toluene and 10 c.c. pure benzene, and the 100 c.c. of mixture 
distilled in accordance with tlie “ Toluol-test ” specification, 
giving— 

Per cent. 

Up to 105° (104.7° N.P.L.) .... 27.2 

105-117° (104-7-115N.P.L.) . . . 6,5.5 

Above 117“ (115.9° N.P.L.) .... 9.0 


99-7 

Therefore, there are ;— • 



• 

In Mixture. 

ln*4o c.c. of 
Fraction. 

In whole 

SI cc. of 
Fraction. 

Comp, of 
* F'raction. 


i 




Benzene . 

18.8 c.c. ( - 10) 

- 8.8 C.C. 

• 

II .2 C.G. 

22.0 

Tolueilb . , 

1.73.2 c%. (-,50) 

=- 2 J .2 C.C. 

] 29.5 c.c. 

58.0 

Xylene . 

8.0 c.c. (- 0) 

= 8.0 c.c. 

, 10.3 c.c. 

• 0 

b 
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•Addis? up the bi-nzpne iind tolwne found'in tlie combined 
frartioiis “ up to 90° ” aii,cf “ 90-140° ” and adding tlic xylene 
found in the latter fr.v.tion to the fraction I40-I7'' ” giving 
an approximate re])resentation of the Solvent and heavy naphtha, 
there ar<t in the 190 e.c. of Wiished'distillate and Ri the 250 c.c. 
original:— 



] 

}$onzciu' 

ToliK'iu', 

Xvlciif .m<l 

S a-id 11. 
Naplitha. . 

Above i 7 'i® 
in washttl 
tlist. 

Fraction nj) to 00° 

< 1 

Ilf).4 

flO.O 

i • • * 

. . C.C. 

,, ()()" to 140" 

'^i 

' II-'-; 1 

29-5 

\ lo.i ' 

. . ,, 

,, J40'' t’j 170° 



« •, • 

' .i -.5 ; 

9.0 „ 

,, above i7d’ 


. t 

5 _ 


Total in 250 c.c. ol original 

i-; 7-7 ; 

-.Si-i'/' 

,W -,4 

i-v8 

' - 5 - 5 !)'; 

9.0 C.C 

■--a-b'/ 


the complete result is therelore as follows 
Sp, gr. at 15 5 - 

f I’lT Cftlt. 

Benzene. 

Toluene . • . • ■ • • • 

Solvent and hea\’V naphtha (ap])roximate) . 5-5 

Loss on alkali washing of fraction to 170° . o.» 

Loss on acid wasliing of fraction to 170° . . O.4 

Substances Iviiling above 170° in distillate up to 

170° after acid washing ; ■ ' ' 5'o 

L'raction of original above 170° . . • 10.8 

Ciirhon BhulphitJc and Paraffins. 

When carbon bisulphide and parallins are present they may 
„e estimated in the above fractions of the washed distillate up 
to 140° as follows ;— 


Fraction up^to 90°. 

The distillate up to 85° and residue from this fraction are 
remixed, and tlie sp. gr.’of the mixture at 15.5° taken and noted. 
It is then inixeh in a separating funnel with 50 c.c. of alcohol 
free from paraffins, five grammes of solid catastic soda (noughly 
powdered) added, and the whole shaken for five minutes. (It 
prefect, 50' c.c. of 10 per cent, alcoholic caustic soda or sodium 
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ethyliitc may br used 1*11 pliicc ol S"l^d caustic and alcoiiol, .bflt 
unless these solutions are freshly piejvired, more trouble "is tx- 
perienced the slthsequent settling, in washing, owin^ to for¬ 
mation of resinous jjubst.flKTs in,the solutions on keeping.) 
200 c.c. of water is thetfaddc'l with renewed shaking, afid after 
settling, the lov .'r aqueous layers run off, t|je o;( washed twice 
with succ('ssivj'« quantities of 2^ c.c. -d water, and dried with 
calcium chloride. The sp. gr, of the 3 ried oil is then«takeB 
accurately to the nearest third dicimal jilace. 

The pi. entagi' of tolueni' in '.h.is ' action h<ts been previoujly 
ascertained (uncorrected tor paraflins!*by *hc^ percentage distill¬ 
ing up to ^5° (corr.) -ind tli* sp. gr. is ealculati'd whi«h a mixture 
of this lonqio .ilion of jmre benzene Titid toluene should have, 
the .sp. gr. of |)urL* ben/^-n- being ti^ken as o.iS85*tiiKl of pure 
to'ucne as 0.1870. ^ • * 

Tfom the«thrc» sp. gr.’s thi,.^.found or calculated, namely :— 

Sp. gr. of original iraction lo 90°, • 

,, ,, ,. ,. iiftci .cnnA’al gf CS^, 

,, caicniateil for benzelie and toluene mixture of the. 
" nncorrecied ” composition lonnd, 

the percciit.i .'e of CS^ and parallins can be found in the follow¬ 
ing way, the sj). gi. of CS^ lieing tirken as 1.27 and of the paraffins 
present in this li'aclioii as 0.7,;. 


(1) Carbun Bi^.ulphule. 

■ If C.Sj per cent. - x. 

Then J 27.V' I (too —x) : (sj). gr'. of fraction to 90” after CS^ 
"* removal)=ioo •; (sp. gr. of fraction to 90° before CSj 
removal). * 


Paraffins. 

If paraffins per cent. - y. 

Then o.7,';y -f(ioo — r) x (sp. gr. calc, for pure benzene 
toluene) = too x (sj). gr. of traction after CSj removal). 


Fraction 90-140^. 

This fraction contains no C.S^, and only paraffins’in addition 
to'benzene, toluene and .xylene. To diftsermine the amount of 
the latter the sp. gr. of the iraction is taken to file nearest third 
decimal place, aneWn addition,'the sp. gr. is ascertained by cal¬ 
culation th*at the mixture would have if paraffins were absent. 
For tills purpose, the percentages ot benzene, toluene aitH»xylenc 
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iit the traction, uncorrected for ijaraflifis, already Tound, are 
ftultiplicd by the rcspcctiyc sp. f;r.’s of pure benzene (0.885), Pfr® 
toluene (0.870) and xyjenc (o.Sbb), and the sum of tl*!; multiples 
dividcd'iiy too. The figure thus ohttined ^ives the sp. gr. which 
a mixture of the pure substances wtmld have when of given com¬ 
position provided po contraction or expansion occurs on mixing 
them ; the average expansion in the case of mixtpres of the three 
in tin; proportions usually occu'j-iog in the fraction 90-140° is, 
however, such as to lower the sp. gr. by 0.001 from that calcul¬ 
ated as almve. -From the figures thus found, thercfoie, 0.001 
must be d^ducted’to^ivd the correct sp. gr. of tlid mixtures of 
pure bcnzeiKi, toluene and xylene. » 

From these two sp. gr. figures, namely 
(t) jictual sp. gr. pf fraction 9«-i4o‘'. 

(2) Calculated sp. gr. of paVafliipfree mixture, 

and assuming the sp. gr. of the'paraffm presents in this __^n 

aSrO.74, the percentage of the latter is calculated as follows ; — 

If ;=:p(,'r cefit. of paraffins, 

■the/i 0.742f(ioo—z)x (calc. sp'. gr.)=!ioox (actual sp. gr.). 


Example. 

Continuing the example from p. 274 the correction for and 
estimation of carbon bisulphide and paraffins are as follows:— 


Fraction up to 90° 

Sp. gr. found for fraction before CSj removal = 0.883. 

,, ,, ,, after ,, ,, = o.88lli 

Calculated sp. gr. of 92.1 per cent, pure benzene and 7.9 }»r 
cent, pure toluene , 

92.1x0.885+7.9x0.870 ^ g 
100 ■ ’ 


Then if CSj per cent. -- x, and paraffin per cent. ^ y 
1.27x+(ioo—a) x o.88i=ioox 0.883. 

88.3^88.1 ^ 

'’1.27—0.881' 

and o.73y+(ioo—y)xo.884=iooxo.88io. 


or CSo: 


= —?-=o.5 per cent. 
0.389 ^ 


a, 8S.4—88.1 0.3 

‘ or paraffins = —-= =i.g per cent. 

‘ 0.884-0.73 0.154 


The CS2 an& paraffins in this fraction, therefore, together 
amount to 2,4 per cent., so that 2.4 per cend. of tlje percentage 
found lor benzene and toluene must be deducted, arid the com- 
positicin*of tire fraction up to, 90° is— 
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z8i 


CSj . • J • 

Paraffins . ’ . 

Benzene (92.1—j.4 p.c, of 92.1 
Toluene (7.9—2*4 p.c. of 7.9) , 


• lit 100 C.C. 

• 

i In tl^ totab * 

; 126.5 C.C. of FjacU|ni* 

"i 

Per cent. 

j I'or tent. 

<>■5 

j o<f) 

1.9 

1 2.4 

.89.9 • 

’ 1137 

• 7-7 

! ■ 9 ' 8 , 

100.0 

1 126.5 


Fraction 90-140°. 

Sp. gr. of fraetiottfound 0.809. ^ 

Comp, of fraction (uncorr Jor paraffins) sec p. 279. 


Benzene 

Toluene 

Xylene 


In 40 o r. 


Per cent. 


I 



8.b c.c. 


* 23.2 c.c. 
8.0 c.c. 


58.0 

20.0 


Therefore calculated sp. gr. for above with no paraffins 
determined in the manner specified 

22 X0.884-I-48X 0.870-|-2oxo.80fi» 

=-— -—0.001= 

100 

0.873—0.001=0.872. 

If paraffins in fraction = z, 

Then 0.742 4 - {100-2) x0.872 = 100xd.869, 

„ „ 87.2-86.Q 

Or paraffins--g^^^-^-^ = 2.3 per cent. 

2.3 per rent, of the “ uncorrected ” percentage of benzene, 
toluene and xylene found on p. 277 must therefore be deducted, 
so that the composition of fraction 90-140°, corrected for 
paraffin, is— • 


Paraffins ... * 

Benzene (22- 2.3 per of 22) 
Toluene (58—2.3 per cent, of 58) 
Xylene (20—2.3 per cent, of 20). 



In 100 C.C. 

I In tota] 51 C.C. of 
• Fmctio!^ 




• 

Per cent. 


• 

2-3 

,1.2 c.c. 


21.5 . 

II.O c.c. 



28.9 c.c. 


19.5 

. 9.9 c.c. 


i 100.0 

1 51.0 c.c. 

1.1 4 ^ _ 
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f Adding logotlier the CSj, piyal'lin^ benzene afid toluene, 
^v'nv^ in the fractions '''iip to yo" ” and “ 00-140°,” and pro¬ 
ceeding otherwise as^dv'en on p. 277 when parafiin» are absent, 
.there Are in the original 250 c.c.'ot oil and in the lyo c„c. of 
washed distillate from it : ^ 1 


f » 

I'rai tioii of wa-'lir'd (list. 

, fs,. 


Hfll/tTIO ToIihIi*. 

Xvleiift 

and 

S. & 11 . 

Abovi! 

170®. 

r 


f 


Nap. 

V]) to yo° . ' . 

o.O 

-■ 4 , 

11.57 9 -«.. 


— cx. 

00° to 140' .• • 

— 

1.2 

Il.o 38.9 

9.9 

— 

140° to I7lr>" 

— 

_ t 


.V,5 

— 

Above 170° 

• f 




9.0 

Total in 250 r.(*. of 

O.f) 

' 

124.7 df'7 

1 . 5-4 

9.0 c.c. 

original sample. 



0 ^ 

!■ 

Per rent, of oni^inal 

0.2 ' 

1.4 

4<).9 , T5 5 

-■>■4 


The ceintifete ^inalvsis, 

therefor 

e, including the estimation 


■ ot carbon bisul])hide anil paraflins, comes out as follows : 

, Ter Cent. 

Carlxm bisul])liide ...... 0.2 

Paraffins in Iraction to 140," .... 1.4 

Benzene ....... 4q.O 

Toluene ..15.5 

Solvent and he,ivy naphtha (approx.) . . 5.4 

Toss on alkali w'ashing of fraction to 170° . . 0.8 

Toss on acid washing of fraction to 170° . . 6.4 

Substances bpiling above 170° in distillate up to 170" V 
after washing ...... 3^ 

Fraction of original above 170° . . . 16.8 

To save the calculation of the percentages of paraffins and 
of carbon bisulphide from the observed sp. gr.’s, and also to 
find the calculated sp. gr. of the paraffin free mixtures graphs 
can be emjiloyed, which are readily plotted out. 
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The followiiiR IS a cojiy of afijrm issued by tlio Home 0 ®ce, 
whicli slioukl be motiiited and hunf; in .1 prominent position in 
all tai' dis'tilk j : 

Form 935. ^ 

Septc’nbcy^Kfi 

FACTORY wuiuvsnuj' ni^i, lyoir 
T."* Distilling. 

The following directions are approved by the Home Office, 
and are applicable to faclories in wbi b is carried on tb» 
distillation of tar lor the prcduclion 01 *iaplttba„]igbt oil, 
creosote oil, and pitch. " 

Fencing. 

I. All uncovered tar reservoirs, wells and tanks, unless con¬ 
structed so as to be at least three foc^ in height above the ground 
or platform, should be securely fenced, with either a brick wall 
or double rails, to the height of three feet. * 

Cleaning 

% During the process of cleaning, every tar still should be 
C' i^lctely isolated from adjoining tar stills hither by dis- 
coRirecting the pipe leading from the sw'an-neck lO the condenser 
W'orm, or by disconnecting the waste gaspipt* fixed to tlie worm 
end or receiver. Blank flanges should be inserted between the 
disconnection' In addition, the pit discharge pipe or cock at 
the bottom of the still should be disconnected. 

Venlilaiion 

3. Every tar still should be ventilated and allowed to cool 
before persons are allowed to enter. 

Inspection 

4. Every tar still should be inspected by the Foreman or 
other responsible person before any workimiji is allewed to enter. 

5. The inspecting Foreman on first entering rmy tar still or 
tank, and a" persons employed in tar stills or tanks in which 
there are no eross stays or oh.-,tractions likely to cause entangle¬ 
ment, should be provided with a belt securely fastencd^ijmnd 
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rtthe body, with a rope attached, the irte end being left with two 
.TtetJ outside whose sole duty should be to watch and draw out 
any person appearing to be affected by gas. The-belt and rope 
shouW be adjusted and worn in such a manner that the wearer 
can be drawn up head forcinosi and tlirougli -the manhole and 
not across it. 

" ' Remedy for Gassing 

A. A bottle of compressed'o.cygen, with mouthpiece, should 
be kept at all times ready for use ; and printed instructions as 
J:o the use of this bottle, and the method to be employed for 
resuscitation by moans of artificial respiration, should be kept 
constantly affixed. A draft of sucii instructions is appended. 

•' Respiraior< 

7. A supply of suitable chemical r'spirators properly charged 
and in good condition shoulu be kept reauy lor use in case of 
emergency arising from sulphuretted hydrogen or certain poison¬ 
ous gases. (Granules of carbon saturated with a solution of 
caustic soda readily absorb sulphuretted hydrogen and may be 
used for charging respirators.) 

Lights 

8. The use of naked lights should be strictly prohibited in 
any portion of the works where gas of an inflammable nature is 
liable to be giveii off. 


Safety Valve 

g. Each stijl should be provided with a proper safety Vc Ive, 
which should lit all times be kept in efficient working condition. 

, B. A. WHITELEGGE, 

Chief Inspector of Factories. 

Home Office, 

December, igog. 


Gassing 

Symptoms. —The first symptoms are giddiness, weakness in 
1;he legs, and palpitation of the heart. If a man feels these he 
should at once move into fresh warm air, when he will quickly 
recover if slightly affected. He should avoid exposure to cold. 
He should not walk home too soon after recovery; any exertion 
is harmful. 

First Aid. —Remove the patient into fresh warm air. Send 
for the oxygen apparatus. Send for a doctor. Begin artificial 
breathing at once if the patient is insensible and continue it for 
at le,?.!! half an hour, or until natural breathing returns. Give 
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oxygen* at tlie same tim#and jontinuc it after natural breathing* 
returns. • . . 


Artifici*. Bke.vhiing (Schafer Metfiod].—Place the patient 
face downwards as sho^n in >1116 diagrams. 



Diagram i. • Diagram 2^ 


Knoel rt tli^ sidg of tl*; patient and place your hands flat in 
the small of his back with thumbs nearly touching, and the 
fingers spread out on each side of the body o'. er the lowest rit# 
(aec Diagram i). 

Then promote artificial breathing by leaning forward over 
the patient and, without violence, produce a firm, steady, dowfl- 
ward pressure (sec Diagram 2). Next release all jiresSure by 
swinging your nody backwards without lifting your hands from 
the patient (see Diagram i). * 

Repeat this jiressure and relaxation of pressure without any 
marked pause between the movements, a/iou^ times a minute, 
until breathing is established. 

•Use of Oxygen Cyi.inuek. —Open the valve gradually by 
tapping the lever key (which must first be extended to its fuU 
h li^th) with the wrist, until the oxygen flows in k gentle stream 
frSnf the mouthpiece into the patient’s mouth. The lips should 
rot be closed round the mouthpiece. Thc» nostrils should be 
closed during breatliing in, and opened during breathing out. 

If the feel i. are set, close the lips and one nostril. Let the 
conical end of the mouthpiece slightly enter the other nostril 
during breathing m, and remove it for breathing out. 

The following particulars relating to sulphuretted hydrogen 
(SHj), and carbon monoxide (CO), published by “.Mentor in 
The Gas World of November 21, 1908, wiH prove useful t& tho^ 
interested in tar distillation 

■ Symptoms of Poisoning by Carboy Monexiae 

Usually the first thing noticed by a person ^ho is moving 
about and h^nhalell the gas is a tendency to palpitation, dizzi¬ 
ness or faintness and shortness of breath after exertion, follow¬ 
ing which there is a general weakening of the muscular, faental 
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i^nd sensory faculties. The patipnt is usually drowsy. When 
the,blood has become about 50 per cent, saturated it is hardly 
possible for one to stand upright or walk, and with higher degrees- 
■ of saturation the mentiil and imjBculai; enfeeblement becomes 
more, and more pronounced. One noteworthy point in con¬ 
nection with carbon monoxide poisoning is that very little actual 
distress results from the inhalation of the ga^^ After paralysis 
of the limbs, the kenses griidnally become more and more 
benumbed, as they would be by tlie administration of a gentle 
amestlictic. With less than i per cent, of CO in the air, death 
is very gradual and peah-'ful, and’with more tjiah i or 2 per cent., 
loss of ccjnsciousness is usually Allowed by convulsions, and 
death rapidly ensues.. ■ 

Sympjoms Produced h[ Pu,'zoning from SH.^ 

The symjitoms jiroduced by SIL'poisoeing .are due'to two 
causes ; (i) its direct irritant action on the eyes and air passages, 
fud (2) its intensely poisonous action, when absorbed, on the 
brain, lieart, vtc. 1 Exposure to an atmosphere containing 0.01 
to 0,02 per cent, soon produces inflamin.ation of the eyes, and 
headache. Pain in the eyes often conies some time after the 
exposui'e, and with great seveiitv, and may recur at intervals 
for several days. With 0.05 of SH,, giddiness and other alarm¬ 
ing symptoms show tliemseives, as well as great irritation of 
the eyes, nose, etc. 

Tables showing I he. Poisonous Effects of Varying Percentages of 
CO and SIP on Human Pyciiigs 
Cakiion Monoxiok 


Pcrcc'it.ini' of (las Prcwiit. 

Piin: 


Piirt- 

Coal (j,i8 
cniit.iiniiif; 

Carhiircltcd 

WdItTf.US, 

('.iihvirfllotl 

\V.Ufr(,.ts. 

CO. 

7 J>IT Cl'llt. 

To per cent. 

coiildiamg 


CO. 

CO. 

12 per cent. 
CO. 

0.05 

,^0.7 

017 

O.I 

O.I 

1 4 

0.30 

0.2 

0 2 

« 2 H 

O.()0 

0.4 

04 

5 -b 


0 H 

1,0 

1 ' 1-1.0 


*2 0 


..I 


Klfect on Hiiiu.ui llinngs. i 

i 


After half an hour to two 1 
hours, giddiness on oxer- ; 
tion. 

Dq., do., inability to walk. ! 

T>o., do., loss of conscious¬ 
ness, and }>erhaps final 
death. 

Do, do., probable death. 

After (a few mimite§, loss of 
consciousnAs, followed 
before long by death. 
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’ SULrtlUREr^ED ii^niiOGEN 
Percent,li^c , 

of SHc Effect <m Hitman Itetitta. 

Prcheiit. 

o ooi Stroll,, stitfll of rotten i’ttp,«. ^ 

0.02 After a few iniiiutef,, iinfaiiontif ^Iie nose, throat and eyes, , 
ttl'tonipanietl hy cyuJIiiiilfr. • ^ j 

o 05 Much irritation of the eyes luid tliruat, giddiness anti hc^tl- i, 
ache. 

0 07 . -eath a^tiT several hour- ’ e.xy, ,ure. • 

•J.2 i llttifli 11]^ about one a?tl a halt i#iilut^*s. 

- . - » -- 

. . •* ... 

The vse of Oxygen in Cases oj Gassing, Huw il is Ajinnnsterca, 
and Haw Lmfg il ^hmU ic (iirciit 
O.sfgy.i 's « vi4iiable*;ud (< tccovpry in cases of poisoning 
from carbon ini'iioxidc. Jt should tlierefore always be kept 
rt ady on a gasworks. Tlte oxygen is conii'i 'Sseil and stored ib 
strong steel cylinders, usually Ijolding .’o^ cutiic ieet. The 
cylintler should be provided with :i ]iiece of india-rubher tubieg 
at the end of which is a metal mouthpiece. The valys; on the 
cylinder sbon'd be opened to the extent necessary to allow 
sulficicnt o.'.ygen to issue to allow,t)[ its being inhaled “ neat,” 
or without much admixture with air. The moutlijiiece is then 
placid loi.cely in the mouth, so that inhalayon may proceed 
without distending the lungs. If th pers.m is unconscious, 
' the nostrils should be closed, by pinching them with the fingers, 
during the process of inhiding, and left free during the act of 
cyrtration. The time during which ox-ygen js administered 
yojjld be at least ten minutes. 
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Acid egj? rbolir and cicsylic 
, p'ani), • • 

Acid tar 142,143.14*4,1-15 

Agitators, merhanical, S i?() 

v/Ov>dei' >9 « , 

Air-blowing crude cresylic ai id. T07, 
128 • * 

pressj^re to Iransnnt ciesy'^K. aiid. 
12'H • • 

to transmit carbolic ai id, i2(» 

Alkali Act requirements us regards 
foul gases, 54 

Ammonia, examination of pyridine 
for, ,231 

Ammoniacal iKjuor, 7*. 
icceivcr, 57 

Ammonium elil. n ide, cause of corro¬ 
sion OJ stills, 20, 2() 
sulphide, cause of corrosion of 
stills 10 

Amount of wash oil in cireulation, 
219 

Annular ring or tar still seat, 39, 40 
• Antliracene, crude, recovery of, i<S5 
^pressing of, 187 
’ washing of, 187 
* Chemical and physical pro¬ 
perties of, 181 
oil. 73 

distillation of, r8b 
filtering oi -.alted out, 187 
salting out, 186 
specific gravity of, 75 
still for, 17? 
fpr gas stripping. 211 
plant for manufacture of crude, 
176 

test lor percentage of refined 
anthracene in, 256 
for insoluble in benzol, 257 * 

foi paraffin in, 257 
lor sand, dirt, etc., in. 257 
tests, 256 

Antbraquinone, 257 

Ash pit, * 

detCTmination of, in tar, 229 
in pitch, 235 


Hala-'-'U SHEET .for distillation of 

Bases m com tar, 3* 
ii'iy, (()<il tai pitch, 

co^s'truction of, ()o, (ji 
cn syhc piti h, 106 .#• 

Jcpii to run jiitch on, 78, 1S9 
preparation of piti'h, 78 
Kenzene, pieparation ol tommeni- 
allv 150 

m tar, 3 • 

chemaal ci..»l pl^sica^ properties 
’ • of, 1 19 

in .toluol, determination of, fiy 
])r Colman’s met^^, 2O2 
Bcnzcnoid hydroearbojis, theory of 
cxtra*^tion of from gas, 218 
•In coal gas, determination of, 259 
I^nzol, })lant for recovery of— 
crude, gradci^of, 222 
dcternunutuii of pyndino in, 246 
of total suljiliur in, 24O 
distillation tests, 245 
estimation of fatly hydrocarbons 
in, 240 ^ 

fractionation of washed crude, 153, 

154 

method ofii washing crude, 141- 

M.5 

preparation of 90’s, 153, 154 
oi 5o's-9o’s, 154 
recovery of, 138 
rectification of, 1 s 1, 1^4 
stills, 130-135 

testing for siieiufir gravity, 245 
washers, 12(>-T30 
Benzoliscd oil tanks, *04 
steam heaters for, 207 '' 

preheijters for, 207 
testing of, 261 , 

Bcrthelot-Mahlcr bomb Caionmeter, 

242? »43, 24! 

Black varnish, credlote for, 196 
31 astfurnaceoil for gasigtripping, 215 
Blow-boiler, 96, 98 
Blowing boiler or tank (presylic 
, plant), 107-108 
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Blow-over stilh?, steam healed, 130- 
' • 

fire-healed, 130-13] 
fractionating column for. 131 
, i3oiler, carbonating, 90 
blow, 90, 0^ 

Bond’s gas-stripping plant, 223 
Bottoms of stills, 24, 27, 28 
crcsylir, 127 
pyrulmo, 17,^ 

. Bricks, fire, 37 
brmdled, 37 
common, 37 
Stafford? hire l)lu'“, 37 
Brick storage tanks, lO 
Butterfield ^ocks, 33, 35, 57 

" C ” PROCESS, 201 
Cadmium chloride test, jyridinc 
bases, 231 

Cancer, pitch, 191-192 
Cannel coal, tar from, 2 
Carbolate (phennlate), tar acids in, 

125, 

boilers or tanks, 89, 90 
pump for, 91 
springing tank, 89 
sptingmg with C()j., 123-125 
with sulphuric acid, 123 
Carbolic acid, 113 

CO2 ))roccss for recovering. 88, 
124-125 

continuous process foi recovering, 
124-125 

crude, qualities of, 124 
crystallising point test, 253, 2^.\ 
determination “f water in, 253 
receivers, 94, 107 
solubility test, 253 
suljihuric and proco.s for recover¬ 
ing, 88, IJ7, 123 
testing for specific gravitv, 253 
tests, 253-256 

washing oils for, 118-121, 122 
manuiacturing costs in obtaining, 
’ 121 

Carliolic oil, specific gravity of, 74 
Carlion. free, in tar, 3, 6, 7- 9 
Carbonating bailers, 90 
' towel’s, packed and plile types, 
91. 92. 93. 94. 95 
Carriage of coal tar, 13 
•Carts lor carriage of tar, 14 • 
Cast-iron tar stills, 20 . 

Caustic liquors, tJcamination of, 257 
Caustic soda evaporator, 104 
lye. 115-117 
tanks, 103, 163 


Caus^icjsers, 103 
C'auslicising plant, 103. 104, 105 
soda ash. 115, 116 
spent liqi’ors, iio 
Ontrifugal machines, 177 
Chamber elort tar, specific gravity 
of, T 

Change over point crude naphtha 
to light oil, 72, 73 
light oil to Jigni creosote, 73 
light creosote to heavy creosote, 

74 

heavy ircosole to anthracene oil, 

75 

points, method used by stillmen 
to determine, 76 

Channel ]>lales o.' tar still, 27, 28, 40 
Charge bloi k of iar still, 32, 33 
<'hargc jiipe of tar still, 32 
of p ehcater, 48 
Charging pre.icatei, 71 
tar still, 72 

Cheiiiieal composition of tar, i, 2 
Chemii al and physical properties of 
benzene, 149 
toluene, 150 
xylene, 152 
pyridine, i06 
najihtbaleiie, 182 
anthracene, 183 
phenol, 113 
cresol, 113, 114 
Cleaning ot tar stills, 78, jq 

jirecautions to be taken when, 79 
COj gas furnace, 97, 98, 99, 100 
gas, testing of, 258 
maniimlation of, 125 
Coal tar, chemical composition of, 
1. 2 

effect of heat of carbonisation, 3 
5 

of nature of raw material on 
jihysical properties of, i 
of nature 0/ raw material on 
chemical composition of, 2 
how received from gasworks, 13 
physical properties of, i, 2 . 
results of practical distillation of, 
4. 5 

storage of, 14-18 
lips, 13-14 

disinfectants, germicidal value of, 
242 

Coal- versus gas-firing of tar stills, 
45 

Coalite tar, 5, 6 
specific gravity of,r.5, 6 ' 
free carbon in, 6 
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Coal tar light oils yifld of4>]fridiro 
trom, 175 • 

Coal-gas, determination ot naph- 
thalcii%in, 2M • 

determination of benz'^roid hyjrc* 
carbons in^250 % • 

Cock, dipping foriat stills, ^ 

Cocks, Butterfield >ypc, ^^5, 57 
(-land, 57 

Coil, preheater, 4<), 50 
corrosion .>1, 50 
end or wu.*'! end, 51 
Coke, +e5tiii^- -’t, 23()^ 
tu’'nace, 97, 99 # 

gai.?s, t^^sting of, 25S 
Coking firir*u^ 

Collcctmg box. 5« 

Colour, requirements Tor pj^uUne, 
23! • 

Colm'v»’s of esliiuaihg th(' 

purceiitat^ of iienzcnc, tolu¬ 
ene and xylene in toluol, 262 
Combustion cliambcr of tar still 
furnace, 39 
Common bricks, 37 
Compressed air for tiansiiiitting 
distillates, 5b 

Composition of crude benzol, iii 
Concrete foundations, 15. 3O 
storage tanks, 15, lO 
reinforced, Momer system, 15 
Hennebiquc system, 15 
Concrete, 15 

Condenser tanks, 51, loO, 137, 162, 
1O3. .*63 

j^ain cock lor, 51 
|5team-pipes and coils for, 51 

and tank for crcsylic jilant, 
to 6 

foi benzol and naphtha plant, 137 
for crude pyridine rectification 
plant, 195 

for pjrridinc recovery plant, 162. 
163 

Condensers, 51, 106, 136, 137, 162, 

163, 165 

Condensing v^orms, 51,106,137,162, 
163. 165 

coils, shape of, 50, 1O2 
metals used in ^ onstruction of, 
51. 165 , 

corrosion of, 51 

Construction 0^ tar stills, 20-35 
of fire-place, 37-39 
of flues, 37-43 

of stoi^^ge tanks for ^r, 14-18 
for creoset®, 199 * 
of tar still bottoms, 27-28 


I ^ontinuBus process fbr manufacture 
i of carlxilic acid, io%-ti2* 

I crcsyjic acid, 108-112 • 

tar distillation, 63-70. 85-86 
I dehydraflon of tar, 63, 84 
; tar acid extraction plant, 108-112 
1 Continuous stills, 63-70 • 

! 4 iooler, pitch, |^'renyi weir, 59 
C.ool As ..pitch, 59 
\ conscriittion, 59 . 

Cooling tanks for naphthalene. 177# 
Cool 1 ■^or debenzolised oil, 210. 211 
Cool, g water (gns-stripping plap^, 

»22I , • . • 

CorroMon of condenser coils, 50 
I of st^l plates, 20, 26* 
i due t^ ammonium chloride, 20, 

, 20 

.sfllpbide, 2A 
Costs, Works, lor— 

* pitch getting. 190-191 

benzol and solvent naphtha, 15^- 
159 

carbolic ai-i ciesylK,^2i 
! •tar distillation, 87 
' Cieosote for Wells’ oil, 76, 193 
I Creosote, heavy, 74 
receivers for, 57 
: ,1‘SM. 74 

; distillation of by fire, 141 
of fractions from by fire, 141 
' Creosote oil, 74, 75, 193-200 

for ’'enzol lecovery process, 197 
for black varnish, 196 
for lightmg purposes, 76, lyj 
for manutacture of greases, 196 
for sheep dips* and disinfectant 
fluids, i'*5, 19O 

I for timber preservation, 197 
volatility#], 199, 200 
; Creosote oil for luel, 19.^ 
calorific value ot, 194 
1 deteimination of, 242 
i determination of specific gravity, 

i ^^5 . 

of coefficient of expansion of, 

I 241 

of flash point of, 241-242 
i of " free carbon*’ in, 440 • 

I of nSpbthalene in, 237-239 
^ of • naphthalene in (Mann’s 
* method), 238 
of phenols in, ^36 
of pyl-itiine bases in, 241 
of water in, 2 J5 
dimethyl sulphate test, 241 
distilling range, 239-240 
for brick industry, 196 
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Crosote oil for fuel— ; Cnidef Ijeavy .solvent,* washing of, 

' napht^jalenc in, determination of, I e 141,145 
^ ' < 237-239 ' ; Crude naphtha, 72 

, requirements of various sjWifjca- ■ distillation by stcajy, 139 
tions, 198 *' i. j bv fire, 138 

specific gravity of, 74-75. i«j.S , rcceivei^'for, 57 
slora^of, lyo I specffic gravity^of, 73 

tar acids in. extraption of, 117 - ' valuation test for, 247 
variation ol ])ropertics of 193 washing of, 11^, 138 

Cresols, chemical and ph>sical pro^ Crude jiyridine oases, 172-173 
< perties of, 113-114 i drying of, 172M 73 

Crcsylate (phcnolate), springing of, ; recovery of, from pyridine water, 


122-125 
pump for; 91 ' , I 

tanks or boilers, 90-91 
Cresylic atidV 112 
air blowing of distilled, 127-128 
COj proct'S:. for recovery of, 88, 
124, 125 ' *' 

distillation of crude, 120, 127 
distillation tost of, 250 
meta-crcsol lest, 251-253 
‘‘'receivers, 94, 107 
still for, 105, loO ' 
sulphuric acid process for rccovei y 
‘ of, 88, 123 

test for Jiaphthalcne and neutral 
oil in, 250 

for sulphur compounds, 251 
for sulphurettetl hydrogen in, 

251 

for tar acids m, '’50 
for water in, 250 
testing for specific gravity, 250 
tests, 250-253 


172-173 
rectifying dried, i /3-175 
Crude solvent naphtha,^139-141,144, 
M5 

fractionation oi’waslicd, 155, 156 
rectification of, 155, 15O 
removal of tar acuis from, 141 
wasV.'ing of. 141, 144-145 
Crystallising |ibmt of carbolic acid, 
124 

determination of, 253-254 
Curtain arch, 40 
“ ('ut ” points, 73-76 
method used by stillnvcn to deter¬ 
mine, 76 


Debenzoused gas, 203, 204 
oil tanks, 204 

coolers for, 210, 211 
testing of, 2()i 

Debcnzohsing wash oil, 221,222, 223 
still, steam supply to, 216, 217 


washing oils for, 108-112, 118-: Dehydration of coal tar, 79-85 


121 

Cresyliie tests, 251-253 
test, short, 252 
long. 252 

Crown plates of still bottoms, 27 
Crude anthracene, 187 
drying of, 188 

plant for the manufacture of, 176 
pressing of, 187 
washing of, 187 
Crude lienzol, 140-144 
fractionation of washed, 153-155 
^eeftifipation t)f, 153-155 
washing of, 141-144 
purification of, 222 
grades ot. 222 
composition o^, 222 
receivers (gas-stripping plaht), 210 


plant for, 63 
1 continuous, O3, 84 
I Dephlcgmators for rectifying stills, 
i 135-136 

‘ Dephlegmator, outside, 209 
Determination of naphthalene in 
coal gas, 261 

, benzenoid hydrocarbons in coal 
I gas, 259 

Dipping tap for tar still, 31, 33 
for preheater, 48, 49 
cock for preheater, 48, 49 
for tar still, 31 
rod, 33 

Discharge pipe of preheater, 48, 49 
Discharging of pitch, 77 
Disinfectant fluids, creosotelor. iQS, 
196 


Crude carbolic atid* specific gravity j Disinfectants, bacteriological 
of, 126' ' method for testing, 242 

Crude cresylic acid, specific gravity ■ Distillates, rrtethod^.nf running to 
qf, 128 I receivers, 56,57 
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Distillation of coal tar, 71-87 Factory and Workshop Ajt rcgjil*- 

balance-sheet for, 87 •tions, 283 

continuous, 64-70,85, 80 Kilteriilfe "salted out” oiJ, crude 

• amnionia'Water sta^;e in, 72. 7i antliraccne recovery#proccss, 

anthracene dil or "^reen’*oil 187 

siagcin, 7|^ • * I Filter press. 180 o 

carbolic oil sta^e in, 74 • tankforcausticisingplant, 103,104 

creosote oil stage m, 74, 75 Finishing tanl^(cai*bolic or cresylic 

crude naphtlfS stage in, 72,*73 ^ plant). 96 

light oil stagq^Mi, 73. 74 •.Finishing the "sprinfflng” hf ta^ 
*0^ benzol, ‘13-155. 156-157 arids COj process, 125. 12O 

of cresylK .id, 126, 127 ’-Vc-’ vrs, 39 

crude napi.itia lA* fn'% 138 37 

by steam, 139 cla>" 37 * 

of light oilfby me, 139 door of tar still, 39 * 

iracticnsb> ih‘e,,T4o pUici?,A‘onsiruction of, 39 

bystcani, 140 • Firing, coal v. gas, 45. • 

creosote by fire, 14T I-'inn^of stills, 45-47 

factions by fire, 141 « Firing, coking, 46 

of naphlba, 155, • spreading, 46 

Dislilli’ig range ol ircosote oil, dc- Flash poinf of creosote, determina- 
tcniunation of, 239-240 tion d 2,1 • 

Divider tanks : carbolic or cresylic of naphlh..*delcfmination of, 248 
])Unt, 94, 9O Mue, single wheel, 41, 4^ 

Dividing box or separator : tar dis- construction of. 36-43 
LiUing plant, j y double wheel, 41 

benzol and naphtha plant, 137 Flues of tar still, 36-43 
cresylic distibing jilant, 106 Foul gases, 54-5() 

I'rain cock lor condenser tank, 51 •gas mam, 54 
Drying lank for pyridine, 163 ejectors for, 55 

Dull sepal.itor, 99, 101 seal pot for,^5 

separating from COjturnacc gases, gasc" . metl.ocis of dealing with, 
99, loi 54 -.'>^> 

Craven and Colrnan’s method of 
dealing with, 56 

f'in?ECT of water in wash oil, 216 oxide purifiers dealing with, 56 

'igg, carboli' acid, 96, 98 Foundations, ccncrete, 15 

• cifastic soda, 163, 163 sotting of, 15. 36 

pyridine a<4d, lOi. 165 of tar stilly 36 

Ejectors for foul gas main, 54, 55 Fractionating column for cresylic 
corrosion of cones of, 55 still, 105, 106 

Emptying of 1 ak waggons, 13 for blow-over stills, 13:, 133 

of keels and lighters, 14 for rectifying stills, 133-135 

Estimation of caustic soda in caustic columns, 106, 131-135, 165 
liquor, 258 stills, 133, 134 

Evapprator "^or caustic soda, 104, towers, 106, 131-135, 1O5 

105 Fractionation of crude cresylic, 120, 

Examination of caustic liquors, 258 127 • • 

of coke, 259 of washed crude benzol, f53-i55 

of creosote, 235-242 of wished crude solvent, 155. 156 

■ of lime mud, 258 • Ffactions collected wheg tar is dis- 

of spent liquors, 257 , tilled, 2, 71-76 

of tar, 225-230 ' Free carb^i^in coaHte tar, 6 

Expansion,co2fficientof,^f creosote, ■ Free carbon in creosote, determina- 
241 * tion of, 240 • 

Exfa’actiflm o^*ben«aJbid hydro-, in pitch, determination of, 233 
carbon^ from gas, theory of, in tar, 3, 6, 7-^ 

2i8 ' .determination of, 228 • • 
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iud, economy of, 37. . 15 - 17 ' 

Qil,‘coalite tar as, 5 ^ 

Fuel oil, 5, 194 
' ( aloriiic value of, 19.1 f 

Furnace for making COg, 97 - 99 . 

mamivulation of. 125 
Furnace gase-^: COj process, 124, 


‘t'fASES from coke furnac<‘. 124,125 
per cent, of COg yi. ^'^5 
testing ot 2*5^ , r 

Gas firing, 4^-47 

burners fo*., 4^. 4 1-45 

main, foul, 54 
sewer, 44 .. 

V. coaUor firing lav stills. 4f 
Gas stripping, 201-224 
Gas-stripping plant 204-211 
benzolisctl oil tanks fot, 204 
»eondenser for dcbenzolismg still, 
210 '• < 

crude berizol receivers for, 210 
debenzoliscd oil tanks for. 204 
heat exchangers ior, 207 
meters'loi, 211 
oil coolers for. 210 
pumps for, 211 
preheaters for, 207 
separator for, 210^ 
scrubbers for, 204 
Stills lor, 208, 209 

washers lor, 204 

Gas stripping, petroleum distillate 
for. 212 

description of process, 201- 224 
Gas oU lor gas stripping. 212 
Gas, debenzolised. 203,204 
Gassing, use of oxygen in cases of, 
285 

J^micidal value of coal-tar ilism- 
fectants, 242 
inland cocks, 57 
Grades of crudg lienzol, 222 
aeases.'.ubricating, Wb r 

creosote for manufacture of, i<)o 
formulae for, 196 
Green oil foV gas stripping, aU 
Grinding machinery, fof i.to‘>‘- “ 
thracene ijicovcry plant, i»o 
Gurney jet, 94 '' 
Gutter, pitch, 60, 61 
construction of, 60, 0i 
gat^sYor, 61 


Rf.at* 'exchangers (gas-stripping 
■ plant), 207 

Heavy bases, 170,17^ i 75 
Heavy creosote. 74 
rtceivers,. 57 
' specijic’grav)tyr .75 
Heavy naphtha, preparation of, 155 

crude naphtha, 141, 145 , 

I rude naphtha., method of wash- 
ing, 141. t 45 

solvent naphtha. i 55 

iijnnCe^^™ of making rivn- 
forced I'oiicrcte, 15 
Ihg-.i heat tar, 1, ,1 
Hird's dclivdratiou plant, U'. "1 
floine Offiie, regulations lor tar 
ilislilliTies. 


' .(llSIllllTies. se.i , ., 

IVoriKijilal retort fa, .speeitiegravity 

highteat fir, spccifie gravity of, t 
low heat tar, specific gravity of, i 

Hydraulic presses, 178, i 79 . 

steam heated. 180 

Hydiocarlions, cstmiatioii of, m 
benzol, 2i() 

Inspection chaniber. 3 1 . 54 . 

Intereliange process in reiovcry of 
tar acids, 117 121, 124 
Iron, wrought, for stills, 20, 22-27 
cast, for stills, 20 
Iron, carbon in. 24 

Lagging of steam valves. 59 
of tar still domes, 2<>. 34 
Light creosote, 74 
distillation of, 14T 

of fractions from, 141 
receiver, 57 
specific gravity, 74 
Light oil, 73. 117. ^ 

distillation of, hy f'™. 
of fractions from, by steam or 
fire, 140 

estimation of tar acids m, 250 
of pyridine bases in, 250 
receiver, 57 
specific gravity of. 74 
still, 130 
c valuation of, 249 
washing of, 119. 

Lime, 115 ... , 

Lime mud, examination of, 25a 

putty, 71 . r , 

slurry or ftwid. up, x<33,C7i 
filler, 103,104, n)4.105 

Low heat tar. J, 3 
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Machine, centrifugal* 177.tifo , Naphthalene— 

grinding. 180 i tes1*for, in cresylic aci(1,*2^ 

Main^ to distillate receivers, ^O, 57 j “ whizzed,” 185 
Manhole lids,%3, 34, 4^ . Neutral o^. determination of, m 

lid stool. 33* ‘ • • I cresylic acid, 250 

Manholes, 33. 34,•tS ' ^1 Nitrogen in tar, 3 

Measuring tar in ‘storage tanlcs, 18 Northern tar, 3, 4 • 

Mechanical agitators. 88, 89, 129 , * • • 

Meta-cresol, longttest of, 252 • ^Oil c ils.-s (gas-stripping plant), 
short test of, 253 ' • r 207,210.211 • 

Mt'tals used m construction of con-*1 Ot’s for gas slniiping, 212 
den-- • coils, 51, i()5 i Oil, auLiiracene, 75 

Metals used construction of t^r (i.stillation 5 f, iS(»^ 
stills, 20-27 • j sJlmg«)uf, 187 

Meters (gas-*trippmg pi int), 21* crcosotcfe 193-200 ^ 

M'd lie oil 74 , fuel,«:^4 

washing of, 120, 1 A* ! Wells’, 76, 193 

Mid feathers, 42, 43 • • Oils, jilting 01^,^184^87 

Midland tar, 3. 5 » * * ' 3 

Mild sd'cl lOi ta’*still% 20, 2* 24, 2 ■ ,t)utsidc dephlcgmator, 209 
Monier system of rciiiforcod ion- j Overflow cocl 5 i 33 

Crete. 15 ])ipc of 1* hc.'ter, 48 « 

Oxide piiri' ior^lealing with foul 
Navhiha, 155, 150 . * gase--, • 

crude, 72 | Oxygen,usoof,incascsofgassing ,|85 

cl.slillatioii bv ‘‘'re, 138 

by steam, i 10 j Paraffin bodies in coi^K^r, 3 

dclertniuati',a of Hash point, 248 j Pt'ppcrs’ patent continuous tar acid 
distillation of, 155, 130 <• extractor, 1x0-112 

test of, 248 ; Pet cocks on tar storage tanks, 18 

e'--timati')n of pyridine in, 232, 248 i Petroleum distillate for gas stnp- 
o£ far aculs in. 2 )8 j pitig, 2ft 


estimation of specific gravity, 2 jS ; idienl-ite, sodium, 114 
heavy, is'; ’ I spiinging of. 117-118. 122. 123, 

plant It.i rei overy of, 129-137 j 124. 125 

«^eparation of 90 per cent at Phenol, clicniical and physical pro- 
i0o° C. solvent. T55 ! pcrties d.*!! } 

•of 75'’ h. Hash solvent, 156 j Phenols, recovr y of, 113-128 
of 85® F. Hash solvent, ! Pipe lines jjpr the conveyance of 

lecoveryof. 138-148 tar, 13, 14, 19 

rectification of, 155, 15O Pitch, 7f>-78, 127. 189-192 

stills. 130 - ;5 bay for coal tar pitch, 60, Oi 

testing of, 248 construction of, Go-61 

valuation of crude, 247 for cresylic 4)itch, loG 

washers, 129. 130 preparation of, 78 


Naphthalene. 2. 182 I 

ch*emical and x>hysical properties ' 
of. 182 

cooling tanks for, 17G, 177, 210 
deteiinination of, in coal gas, 261 
■ drained, 185 • 

plant for recovery of crude, 176- 
• 181 

pressed, 185, 18O 

rccrystailising crude, 184 ^ 

salt*,” 73 ,^ 4 . 
specific griiWty of, 182 
testjor, in creosote, 237-239 


cancer, 191-192 
cock on tar stills. 35 
cooler, French weir, 59, 60 
cooler^, 59, Go • 

coolers, Kon-struct ion of, 59 
• coolftig, 7O, 77, 78, 189 
depth to run to in bay, 78, 189 
deternynation specific gravity 
Ot, in , 
of ash in, 235 
'of ” free carbon^’ in, 233 
of twisting 4)oint of, 233 
of volatile matter in, a^4 
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IJitcli— 

t dtschal'ging of. 78 
'getfcrs. ]>r()tcction of, njo' 191 
gcttinj:', t8(j-T0i f 

cost of, 190-191 

getting tools, 190 
• gutter, 60 

constnictioF of,»6o , 

gates for outlets, Oo, pt 
hai^l, 1H9 * 

< mcdnim. 189 
running olf of, 

^/ttoft, 189, . , , 

tests, 23,-;-235 ' 

Pitch of 1 ivtd, holes, 17, 2<;, 2 [ 
of still (loino, 2(y. 27 / * 

riant lor the romvi'ry ol ]>cnzol, 
129-137 , f 

of crude anthracene, 178-181 
of crude carbolic, 8S -it 2 * 
of crude cresylic,' K8-112 
of cnule iia])hth<dene, 178 -181 
of naphtha,,'29-^37 
of }>yiii%in(“ bases. i(>o-ib3 , 
for the ooutitiuous dehyilration 

of tar, 62, (>3 

for the^cc'itimious distillation ol 
tar, 63-70 

for tlic txtrailiml ol tor auds, Sf, 
108-112 

for gas stripping, 204 -211 
causticising, 

spent liquors, 103-105 
tar distilhug, 20-70 
Plates, channel, 27, 28, 3<^ 
corrosion of still, 20, 26 
' crown, 27, 28 *' 

lamination defects of wrought- 
iron, 22 t 

protection of still, 39 * 4 * 
sketch, 2(), 27 

steel, for still construction, 20-25 
wrought-iron, for still construc- 
* tion, 20-26 

'poisoning by carbon monoxide, 
% symptoms of, 285, 286 

by sulphuretted hydrogen, symp¬ 
toms of, 286. 287 

Pcfcsonoufi effects of varym^percent- 
ages of COj and SHj on 
human Ixiings, 286, 207 
Preheaters, ‘48-50 

advantage of, 50 ^ f. 

charge pipe, 48^ 
charging of, ^71 
coil, 50-51 
. corrosion of, 51 
con^tr«ction of, 48-50 


Preheaters— 
dipping tap or cock, 48 
discharge pipe, 48 
inlet and outlet facings for coil 
' «• fofj^O _ ' 

' manhole and lifl',. 48 
overflow pipe, 48 
swan neck, 48 

Preheaters for gtw-strippmg plant, 

' 207 

Prepared tar. 79-85 

Preserving timber, creosote for, 197, 

IV 198 ^ n ♦ . 

Presses, filter, *180 
ly.Mlraulir, 178, 179 ' 

Pressing rough oivcrudc anthracene, 
187 « * 

eVude naphthalene, 185 
V.-ocos^ “ 201 , 

I Produ<'er gas,«.,.4. 4f, 

' sewer, 44 

Pump for carbolate or crcsylate : 
CO2 process, Uz 
for eaustieising jilant, 104 
Pump^, emergciKy, 62 
for tar, 18 

lor {gas-stripping plant), 211 
Purifiers, oxide, 56 
I’unfying gases from ('(>2 furnaces, 

99 

tower, 99-102 

Purification of crude benzol, 146-148 
Pyridine, yield of. from coal tar 
I light oils, 175 

I Pyridine, 3. MP 142. 166-175 ' 
acid, 142, 144. 168-171 

dilution of, 168 ^ 

egg, 161 * 

neutralised, distillation of, 169- 
171 

neutralising, 169 
plant for working up of, 100- 
165 

stills'for neutralised, 161-162 
tanks, 160, 161 
bases, 3, 141, 142, 166-175 . 
drying of crude, 171, 17* 
drying tank for, 163 
estimation of, in naphtha, 23*#'“' 
248 

- estimation of, in benzol, 240 . 
in creosote, 241 
heavy, 170, 173, 175 
rectification of, 173-175 
rectifying still for, 1O4 
still, leaningjof. ITS* 
bottoms, storage ^nk for, 165.' 

refractionation of, 174-175 v 



J'JSDliX 


295 


Pyridine ba^bs— 

cadmium chloride test. 2^1 - 
determination of water m, 230 
distillati^ test of* 231 

of crude, ^32 • •• • 

Cierman Federal Codicil 
fication, 2^0 * 

limit of colour in commercial, 

231 -4. • 

preparalion of 90 per cent, 

T^o” C . lyf • 

iccovery 1'>6-175 
p!a*»l, I r-Hgnsei; roil and lapk 
lor, i()2l 163,*165 
solubility<>f, in water. 231 
lest In'- arnmorija m, 231 
test for oil in crud^,,2 
tests, 230-232 
titration test, 2^1 
valiHitK n +(isf^o1 ti^ide, 2^3* 
w.-ter, 171-173 
receivers, i(>3 

rcco'.crv ol crude bases from, 
171-173 

recovery of crude bases from, 
by soda ash. 172, 173 

Railway ian ; waggons for tar 
carnage, 13 

Keaction towers, packed and plate 
types, 01-94 

Receivers, tvude ben/ol, 210 
for ammoniacal liquor, 57 
lor anthr.icene oil, 57 
for benzol, 137 

4ipr bottoms ; cresylic plant, loO 
for carlwlic acid. 94. 107 
fy coal tar distillates, 57 
for vresybe acid, 94, 107 
lor crude naphtha, 57 
for heavy creosote. 57 
for light Cl osote, 57 
for light oil. 57 
for naphtha, 137 
for overflow tar, 57 
for pyridine water, 1O3 
fof spent liquors, 95 
for tar acids, 94,107 
mains to. 56, 57, 58 
pipe line.s to, 56, 57, 58 
. steam coils for, 57 
Receiving box, 51, 52, 56 
tanks, ty^s of, 57, 58 
Recovery of benzols, 138-148 
of naphthas, 138-148 
pyridJipc b^s, 16^75 

from pyi«hnc water, 171-173 
of far acids, 113-128 


I Rectilication ol benzols and nap^-. 
,1has. T 49-159 

0/ crjide benzol, 153-155, 150, r57 
solveM naphtha, 135-156 
of crude aried pyridine, ^73-175 
; Rectification stills, 133- 13^ 

; Reinforced concrete, Henncbique 
. • system ,#15 • 

Ma''’«r '-.ystem, 15 

P tanks. • • 

Ritlca'-Walker test for disinfectairf 
! .luids, 242-245 • 

, Icr'}., annular ; *or tar stil! seat, 

i I40 • • 

I Rivet holfs, making ^f, in plates 
tar stills, 2) 

I Riveting still jflates, 23 
! storage tank plate?, 17 
Road^lfoard, specifications for road 
!, treatment, 81, 82, 83 

[ spp<’ififatio6s,remarksupon,8i,82 
. Roa<l tai tables illustrating pjO- 
■ peri' oi 1^-83 

V flooring feU,*^ar for preparation of, 
i «4 

I Running ofl tar stills. 76. 77 
; pitch, 76-78 
I Run-off cocks, 35 


Safkty contrivance, S pipe, 29, 30 
valves for t#r stills. 28, 29 
CAainination of, jX> 

Salted out oil, filtering of, 187 
Salting out oils, T<Sp 186 
tanks for (anthracene and naph¬ 
thalene plJtnt), T76 
Scrubbers for g ,s stripping, 204 
Seal pot on ^pul gas main, 55 
Separation of ammoniacal liquor 
' from crude naphtha, 72 

! of dust from COj furnace gases, 99 
I of w'ater from COj furnace gase.s, 

! 102 

from crude naphtha, 72 
I from tar, 71 
■ Separator, dust, 99 

water, in COg carbolic and cresylic 
process, 102 * 

Setting »tills. 39, 40 
Spwer.^or producer gas, 44 
Shale oil for gas stripping, 212 
Sheep din, creosote tor, 195 
Sketch plates, 26,^7 
Sluice valve on storage tank, 18 
' Soda-ash, causticising of, 114-116 
Sodium phcnolate, 114 
cresyUte, 114 
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Solubility of ca^bolic acid.Vxamina- : 
' • tiQn lor, 253 , 

* »jf pyridine, examination fpi. 231 

Solvent naplitha, T33 ^ 

' heavy^ 155 

Qo per cent, at ido ’ (.-, 153 
■ ,«)o pei^'cent at , 130 

60 per cent, at, 190); , 1 55 , ' 

75'' F. flash, 15b ^ f 

85®F. flas^, 13b ' * 

^ manufacture of. 133, T3(> 

Southport debenzolisiiif' plant, 223- 
224 ' 

Specific gravity pf f.ntVr.Kcf c oil, 

75 , , 

of anthrat ehc, 185 ,0 

ol benzol, detenmnatiou of. 243 
ol carbolic*()#:, 74 ^ 

of (hainbcr retort tar, i 
ol coalite tar, 5 

of creosote, determijiation of. 2^3 
of cresvlic and, determmalion ol. 
250 

of crude c^ibolic, , , 

of crude cresylic and, 12S 

<fi crude na])htha, 7 ^ 

of hoav]^reosole, 73 

of high heat tar, i 

of light creosote, 74 , 

of light oil, 74 

of low heat tar. 1 

of naphtha, deteiiTwnation of, 2 |.s 
of naphthalviK', 182 
of pitch, determination of, 233 
of tar, 1, 2, 5. b, 7, <). 11 
determination oJ, 223, 22b 

* of vertical retoi tftar, 1. b, 7, 11 

Specifications for creosote, 197. 

199 - 

for pyridine, 230. 231* 

Spent liquor receivi'rs, 93 
causticising, 116 

Spent liquors, examination of, 257 
, Spreading firing. 46 
Opringing tanks, 89 
Stcflm coils in storage tanks, i» 

' in tar stills, arrangement of, 30- 

32 

tor tondenserHanks, 31 
Steam distillation, 73.' 34 “ 
138 « 

Steam, 'intv>cluction of, into tai 
stills, 75 , , til 

Steam heaters lor bcnsf-ihsed oil, 
207 ^ 

Steam supply ffo clcbcnzoUsing still 
216, 217 

Steaming'ottt tank waggons, 14 

« ( • 


Steel,'iii^d, for tar still?J, 20, 22, 24, 
'23 

Steel ])lates for stills, shaping of-, 22- 
2^ ' ^ 

Still, tar, 2«) - , 

, aslipit l^r. 3<) , 
boltdni, 24, 27, 28 
iharge block lor. 32, 33 
clvu-ging. 7 >. 71 * 

^tleaning, 78, 79 
' constrnetioii of. 20 45 
corrosion ol, 20, 2b 
eonlimious, 

(ICSlgn of. 20»-2H 
dcnping tap lor, 31, w 

dis< haigiiig or riimnng oil, 
dome, 23. 

<VmWe wheel flue lor. 41 
flirmg of. 45-17 
iirepface lor^ 30 , 
flues for, d>- 4 l 
loundations lor, 3b 
foundations, solthng ol, 3b 
gas 7'. coal for firing, 45 
' lagging of <lome of, 2b, 34 
manhole and lid lor. ^4, 34 
plates for. 20-20 
protection ot bottom of. 3 b- 4 ^ 
oi channel plates ot, 39- M 
ol shell ot, 41- 42 
run-oil tnpe lor, 33 
salety-valve lor, 28, 29 

Ri'tting. U), 40 
hhell. 23. 26 
smgl<‘ wheel flue for, 42 
, sizes of, 24 

i steam coils for, 30-32 

' steam inlet for, 30, 31 

swjin neck for, 29 

I swan-ncck stool for, 29 

tar, gas burners for firing, 

’ - 13-45 

working of, 7 i- 7 '> 
for anthracene oil, 178 
I for cresylic acid, 105. 

distillation of benzolised oil, 221 
for light oil. 13b 

' lor neutralised pyridine acid, 161, 
162 

for rectifying pyridine bases, 164, 

t 

i cleaning of, 175 . . , 

tank for charging cresylic into, 
I, 104 

Stills,.blow-over steam heated, 13b, 
I, « 131. , 

! lire heated, 130.' 

for crude naphtha, 130-132 • 
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Stills— 

for light ou, *30-1 
for redistilled light oil. 130-132 
Stool for safely-viilvo, ^8 

for swan neck.^zo * •• • 

Storage tank for^iyridinc liotton.-*., 
165 

Storage tanks, construction of, 11- 
18 • 

benzol and napl^tha ])lan1, 137 * ^ 
•lirick, i» • 

lor cartK’* and ciesvlic fwids,<>7 
101' I reo.soi> ,.1^9 • • 

*1oT W, i/|-i8 • 

foumletioas lor, 13 % 

n ‘luou. d conejetc, 15, i(> 
site for, 15 •» 

wroiight-iroii, i(>-i8 • • 

Stiaiued oil lor gas s 1 ri]>|)mg^ iP2. 

•2I.> . • 

Stri]j]nng ol ga^ .ioi , 

plant for, 204 211 | 

Sulphuretted hydrogen in rresylic | 
acid, 127 • 

Sulphur, determinalion ol, m tai,; 
228 

in ben/.ol, 240 I 

tonipoutuls deteiinination ol, in * 
crcsylic, 251 1 

Sulphuric acid process of recovering \ 
tar acids from pbenolates, 

88. 117, 123 

Sini]) for pump suction end , CO^ 
tar acid recovery ]ilant, yi 
Supply of wash oil to washers. 204, 

• 211. 219 

S van-neck orcheater, 48 
• Qif tar still, 29 

Taules, Road Tar specifications, 81, 
82, 83 

Tail pipe of i •sylie still, 105 
of tar still, 35 

Tank, finishing (cerbolic and jesylic 
plant). <»(> 

Tank for charging cresylic still, 103 
Tanics, causticismg, 10^ 
divider (cresylic and carbolic , 
plant), 94, 90 I 

for au' blowing, 107 
for caustic soda, 103,163 • 

foi condenser coils, 51, 106, 137, 

• 162.163,165 

for cresylate and carlwlate, 90. 91 
for drying pyridine, 163 
for lijne slurry or j^d, 103, 104,* 
164, 

for pyridine acid, 160 


tanks— . 

for^ lecrystaUising (na^hlhileng 
recovery process), 177* • 

for salting out (naphthalene re¬ 
covery process), 176* 
for (anihrarene recovery jrrocess), . 
179 • 

• for spniigmjp. 8 q, 
for aAing, 88, 8y, 129 
storage, reinforced c«iic retell 5 
\\'~oMght-iron, lO-18 ^ 

loi benzol and naphtha pUftit, 

14 i toai tjfr, 
for cr<eosole, i9<> ^ 
forjiar acids, 97 
Tai.k waggons, 13 

■ mptyinK of^ 11' ' 
tip lor, 13-*4 
method of cleaning out, 14 
Tank, storage#; sluice valve for, 18 
Tanks for le^’enzoliscd oil, 204 ^ 

b nzoi d 011^204 
i'ap, dip])in;,*for tar stiils, 31, 33 
Tar acids, TI3 ^ 

CU2 process for recovery of, from 
phcnolale. 88, i#-‘rri24, 125 
in creosote, detenu in alion of, 236, 

237 

in crude najilitha, 138 
in light oil, determination of, 250 
in naphtlui.«.lelerinination of, 248 
in jdu-nolale, dotctnnnalion of, 

254 

receivers for, 94, 107 
storage tanks lor. 07 
sulphuric ac id process for recovery* 
of, from })henolate, 88, 117, 

123 , 

washers used in recovery of, 88, 
89 

I'ar, its composition, i, 2 
effect of nature of raw material on 
chemical composition of, 2 • 

of nature of raw material on 5h3^ 
sical properties of. i ^ 

of temperature of carbonisation 
on composition of, 3 
of temperature 8f cai^nfea#on 
jiliysical properties of, i 
. carts, 14 

chamber retorts, specific gravity 

I • 

dchydrjfted, 79-85 
determination of water in, 225 
of ash in, 229 * 
of frte carbon in; Hooper’s 
method, 228 
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. Tar. determination— 'I 

, * of ifee carbon m; W^rnes’s I 

* *^method, 228 . 

of snecific gravity of, 226, 227 j 
of specific gravity of, Clmrcli’s i* 
method, 220 

of sjiecific gravity of, lounge's | '1 
method, 227 • , 

of suliihnr in, 228 , * 

distillation of, 71-87 

ammonia water stage in, 72-73 * 

* anthracene oil stage in, 73 t 
. crmle naphtha*stage in, 72-73 1 

heavy aeosotc s*la^- in, V3-75 | 
introduction of slca»-ii duiing, ! 

75 t * 

light creosote stage 111, 74 
light oil sfage in. 73, 74 . 
middle oil or caibolic oil slage 
in, 74 

distilling: l-'actoryl'-nd Workshop ' 

, Act regulations, 2K3 
emptying keel:»and hghters of, 14 
exaininatrm of. 225-230 , . 1 

for Koad trcafinent. 81-83 j 

lor roofing fi'lt, 84 [ 

from catWi 1 coal, 2 
from shalcy coal, 2 ' 

horizontal retort, high heat,, 
sjiecitic gravity oi, i 
low heat, spetiJlc giavity of, i 
how delivered to d*'.tilloi y, 13 
measuring of, m storage tanks, t8 ■ 

Midland, 3, 3 ! 

Northern, 3, 4 1 

prepared, 79-83 j 

pumps, 18 * j 

railway tank waggons, 13 
specific gravity ot, 1,^2, 3, (>, 7, 9, 

II 

stills. 30-35 
cast-iron, 20 
cleaning of. 78, 79 
construction of, 20-35 
^ corrosion of, 20-26 
metals used in construction of, ^ 
20-27 j 

wrought-iron and mild steel, 20- 

’ ”27* ' . 

testing for yield of products, 229 
tips for railway tank waggdns, i y- 
'14 ' 

for carts, 74 , 

vertical retort, specific'I'ravity of, 

I, 6, 7, II * 

wells or storage tanks, 14-18 
'at wells brick, 16 
coilsifof, 18 


ar ^_ 

* foundations for, 15 
iron, 16-18 

reinforced concriitc, 15-16 
•'.dtes Ibr, 13 • 

'ar, Y^rksliire, 3,* 4 
ar stills, annular ring or scat for, 
39 , 

dwttom of, 2s,'f 27. 28 
t burners for gas firing, 43-45 
charging of, 72 
dipping cock for, 31, 32 
, (Uschargmg pitcJi from, 77 , 

dome ot, 2^3, 2O 
#double wheel flue ffcr, 41 
Hues, construction 0I, 36-43 
fouudati'ihs lor, 36 
'.settling of, 36 

** h'dvpitched dome, fai^Its of, 
20 » 

manhole and lid for, 3 3. 34 
“ priming ” of, during working. 
7 ^ 

ar, toaiito, 3, 6 

specific gravity of, 3, 6 
free carbon in. 0 
mams for, 13, 14, 19 
pipe lines for the conveyance of, 

13. 14. 19 

])lant lor dehydration of, 62, 63 
balance-sheet lor distillation of, 
80 , 87 

acul extraction plant, continu¬ 
ous, 108-1x2 
viscosity of, i, 2 

ultimate products from Mld- 
lanil, 5 

from Duckham Woodhall vertical 
retorts, 12 

still, swan-neck stool for, 29 
distillation, continuous, 63-70,83- 
86 

dehydration, continuous, 63, 84 
acids extraction, Peppers’ patent 
plant. 110-112 

acids extraction, Hird’s patent 
plant, 108-110 

acids in wash oil (effect of), 216 
still, run-off pipe for, 35 
safety-valve for, 28-29 
I ■ shell of, 23, 24, 25 

single wheel flue for, 41, 42 
steam coils for, 30-32 
arrangement in, 30-32 
swan neck of, 29 
tail pipc*^pr, 35 ,, « 

thermometer for, ^'5 
stills, gas firing of, 43-46 




INDEX ’ 301 

- , , • 

Tar^tills_* ' TVash oil,•effects ol tar acids in, 216 

making rivet iiuius n* punes f»r, water in, 216 0 • • 

23 • amSunl of, in circulation, *9 • * 

shaping (^plat( s f*)r, 22-23 suppTy of, to washers, 204, 211, 

various sites ot, 2-1 , ^ • 2J9# • 

Temperature of A^ash 220 ^ temperature of, 216, 220 

Testing benzolise^f and debcnzolisid thickening of, 217, 220, Ai ^ 
oil, 261 • delionzolisine ot,.22i, 222. 223 

Testing coal tar, 225-2^0 sp«Hyjf, througlf still, 222 

Thermometer for^Tar still, 35 l»Washi.jS *)r gas stripping, 204 

Thickness of plate<^i.scd for still con-# Wivshing, benzol, 141-143 ^ 

struc lion, 2H . cr.ai' naphtha, 138 • 


Thickenrg -f wash oil, 217, 220, 

Timber, creosote for the jircsi^va- 
tion m, 197, 198 * 

Tip, tar, 1 or rai 1 v\ a^ t *nk waggons, 13 
for carts, 14 * ^ * 

Tcluene, preparation of coinra-ri^- 
#11:' pi^re, I ')G-^57 • • 

clv'mical ao(l^)hymal jiroperlics 1 
of, 150-T52 I 

in toluol, determination of, by 1 
Dr Colman's mctho*l, 262 ' 

Toluol, preparation of 90 per cent, at 
120'' C , 150 

'J'(>wcT, carbonaling, 91. 92. «j3, 94. 
95 

packed type, 91. 93 . 95 
plate type, 91, 92 
fractionating, 106, 131-135. *^5 
purifying, 99 'loi 
reaction. 91, 92, 9 1 . 91 . 95 
packed type, 91. 93, 95 
plate type, 91,92 
gashing, 99-101 

Treatment of roads : Roads lioard 
spec.iications, 81, 82. 83 
Twilting pomt of pitch, determina¬ 
tion of, 233 

Valuation ot crude naphtha, 247 
of crude p>iidine, 232 
of light oil, 2^9 
Valve, safety, 28. 29 
Valves, steam, lagging of, 58-59 
fun-mctal, 58 
cast-steel, 58 
cast-iron, 59 
gate, 161, 162 

.Vertical retorts, tar from, i, 0 , 7, 
Viscosity of coal tar, 1,2 
Voltfitile maiter in pitch, determina¬ 
tion of, 234 

Volatility of creosote, 199, 200 
Wash ofl for stripping, 197-199. 

212-2X6 


h< vy solvent^ 145 0* 

solvent, • 

tanKS for removing tar acids from 
oils* 88, 89 • 

tanl«^or washin'g crude anthra¬ 
cene, 180 ♦ • 

Washihg out tar acids from oils, 
108-T12, 117-122 

• light creostttc fractions for tar 
a< uls. *17, 120, 121 
light on I at (ions for tar acifls, 
117, I #9, , 

• middle oil for tar acids, 120, 

121 • 

Washing tanks. bonzoljjiid naphtha 
plant, 129. 130 

Washing tower, for washing gases 

• from CO2 furnace, 99-102 
Water, ammoniacal, separating from 

tar, 71 0 

coo'mg (ga,.-stripping plant), 221 
determination ol, in crude pyri¬ 
dine, 230, 232 
in carbolic acid, 253 
in creosote o#i, 235 
in crcsylic .icid, 250 
in pyridine bases, 230 
in tar, A5 

separating from COg furnact 
gases, 102 

separation of, from crude naphtha, 

72 

from crude pyridine bases, 171-# 

173 * # 

from crude pyridine bases by 
soda ash. 172 

] separator (carbolic an^ cfts^c 
C©j j>roccss), 102 
Water kox, 53, 54 
Well, tar, construction ^f, 14-18 
foundations for,^15 
site foif »5 
Wells’ oil, 76, 193 * 

' iWheel flue, single, for tar still, 41- 
42 • 

double, for tar still, 411 , 
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Wood preservative; creosote for, 
' ' I9'7 

^Wrodhall-Duckham vertical ^retort 
tar, 12 

Works ewperiments on Washing oils, 
121 . 122 
'yorks rtjsls — 
benzol, 158, ^ 

carbolic, 121 

pitch getting, lyo-i^i ■ 1 

t tar'disUIlation, 87 
Working of tar stills, 71-7 
end, 51 . 


WroughJ-iron for tar stills, 20-27 

Xylenk, chemical and physical pro¬ 
perties; of, 1524^153 
• iv.ctoniol, deteripination of, by Dr 
, Col^ian’s rjj^ethod. 262 
Xylcnt^s, prcjiaration of commerci¬ 
ally pure, 156-157 
n 

Yields of various distillates from 
I tar, 4-12 '■ 

Yorkshire tar, 3, 4 
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THE BRYAN DONKIN COMPANY 

*' il.imitc:d 

MAKERS OF 

GAS EXHAUSTING PLANTS in capacities from 
,^100 to 750,()()() cu'nic feet i«;r hour to suit @11 conditions. 

‘rateau turbo exhausters, blowers 

' and FANS, Driven by Steam Turbine, Gas Engine, 

■ Electric Motor or Belt, for Pressure Uiiising, Gas Com¬ 
pressing, dealing vi' h Gas from Coke Overs, etc. 

ROTARY BLOWERS AND COMPRESSORS of 

positive type for IndustriarPu-poses, A large number 
supplied for use in connedtion with Gak Furnaces, etc. 

RECIPROCATING GAS COMPRESSORS for 

High Pressufes. 

COMBINED METER BLOWERS for Oxide Revivi¬ 
fication. 

PATENT DISTRICT GAS GOVERNORS, capable 

of reducing with accuracy any Pressure up to .50 lbs. per 
square inch dawn to the ordinary District Pressure in one 
stage. Absolute certainty of action under all conditions. 

HIGH AND LOW PRESSURE REGULATORS 

for Gas i Services, Meters, Gas Fires and Stoves. 
(Thousands supplied.) r ■ 

GAS VALVES' of all sizes and types for all purposes. 
Single and Double Faced. 

GLAND PLUG COCKS 
^ • SERVICE CLAMPS AND FITTINGS 
TAR, LIQUOR AND WATER PUMPS ‘ 
v • s • ■:- 

High Pressure (fas JOIstrlbutlon Schemes quoted for 

All our Machinery is of the very highest class and 
can he inspfcted under test before delivery 

HEAD OFFICE AND WOUtKS h 

V(^HESTERFiELD, ENGLAND 



LEEDS. .<a BRADFORD! 
DOH^R CO.,-LTD 

' STANNLNGLEY 

ContraetortC to the War Qffice, the India Qllice,^the 
Admiralty, *the Crown Agents for the Colonies, ctf/ 

, COmETE TAR DISl^LLJNP PLANTS 



HIGfl-CLASS TAR STILLS 

Tops and Hott^s pressed to shape hy Speeial Hydraulic Machinery 
^Uivet lIoleSBrilled in position, which ensures the highest possible 
class of Tf|- Still made ; and all rivetting where practicable 
Alone by Hydraulic Machinery 

, new'STILL BOTfOMS 

BENZOL STlLLSg WASHERS, RECBIVERS. 
CONrENSING TANKS, SEPARATORS, DISTIULATE TANKS, 
STORAGE TAN^S, PANS, WROUGHT AND CAST PIPING, 

• " COILS, ETC. • 

• • 


Enquiries solicited for all kinds of Rlvetted Steel Plate 
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. FreefromStarch 


Secure the most accurate results in your experiments 
by usipg the Genuine Brijish-Made Whatman Filter 
Papers ; there is a grade to suit every analysis. 
W'hatrnan Scries include single acid-washed, double 
acid-washed, hardened, fat-free, drop reaction papers. 
Extraction Tljimblcs, etc. 

Use a filter paper on which you can absolutely rely— 

use Whatman. Ask your dealer to-day for informa- 

« 

tion about 


^ocJIrecr by all Lbbdraiory Furnishers 
*■ \ 

In tljc even! of difTiculty in obtaining supplies or 
free samples, write to the JJolc Sales Representatives: 

H. RK'^E ANGEL & COMPANY, 15 Nuw Bridge Street, Lonimjm, E.C.4 


















toTOil; Sffl.i CO.,l% 

MOOR EWD,^ KUNSL^T, LEEDS 

t ‘ - • 

TELEGRAPHIC ADDRESS^: GAS, L|EDSJ 


. strustu'rm. st.e^u'work 

StEEIr CHfMNEYS* 

BOILERS 

SCRUBBERS 

COOLERS 

CONDENSERS 

TANKS 

STILLS 

RECEIVERS 

DEPHLEGMATORS 

CARBURETTORS, &c. 

FOR 

'RECOVERY PLANTS 


INQUIRIES- INVITED 


, LONDON OFFICE; 60 QUEEN VICTORIA6J., E.C. 



DISTILLATION PLANT 



Vlll ' 


THE CHEMICAL ENGINEERING <0:WILTON’S PATENT FURNACE 






* Loase* Fl'ange Joints Tubes 


COILS’ 


of every description for Refrigeration, Hot Water, Steam, etc. 

STEEL GAS BOTTLES 

« 

for Compressed Air, Oxygen, Hydrogen, Aretylene, 
Carbonic Acid, Nitrous Oxide, and all Stber Gases. 


Stewarts and Lloyds 

LIMITED. 

GLASGOW BIRMINGHAM , LONbON 


lilllllllllllMIM 









IHELEJD.IOOliM.LH): 

SNOULAND- KENT 



•‘LEAD WOOL*" 

provides for c%ulking^ ihroughout the 
whole depth of the socket, rfot face 
caulking only as with run lead 

f. t 

THE LEAD WOOL JOINT 

IS STRONGER, CHEAPER 

and more convenient than any other 
method, of jointing for Cast-Iron or 
Steel Pipes 


.SILVER THREAD PACKING 

» ' AND 

vMETALLIC YARN PACKING 

f «i 

Metallic Packings thoi^i suitable for Gas 
Works’ use.' 'Supplied in moulded rings 
or in rope form for Steam ConSpressccs 
and Exhausters 



RETQRtS. 

COKE 0V£N ^LOC&S,,- 
• . > • 

. BRICKS. '.IC.T0, any required* Shuttioa 

, X 

• •* ,• «l» w j ,* . ** 

**SYO” Retorts made frorrvclean and ‘ 

spfecfially toughened'Silica 

• • • I 

“LUMA” Retorts, etc^, iq the belt . 

grade of material giviyig 
high content of Altimina 

• Enamelled and Segmental Retbrts, 

, Chrome, Magnesite, Carsil, Zircoma, and 
all kinds of Refractory Specials, * | 
Paints, Coverings and Glazes, etc., 
to suit conditions 


WILLIAMSOIij CLIEF. 

' LIMITED ' 

STAMFORD, ENGLAND 


, London CMficoi • 

17 monCment street 


Telephone: 

16 Stamford 
Avenue London 
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USE 


WELSBACH. MANTIES 

* • 

^ UPRIGHT AriD INVERTED 

THE original” iirf STILL THE BEST 



THE LARGEST BRITISH GAS MAKTLE FACTORY 
WANDSWORTH, l,ONDON, S.W.IS 


ALL WELSBACH MANTLES 

British Made by British Labour 


THE. WELSBACH LIGHT COMPANY, LTO! 

"WELSBACH HOUSE,”-KING’S CROSS, W.C.1 

Telephoae: 3410 North (4 Lises) 
elsKraiLs: “WELSBACH, KINCROSS, LONDON" 

And at BIRMINGHAM, MANCHESTER, sttlSTdl.., HULL 
i.'EEDS, STOKE-ON-TRENT, and DUBLIN 








J 

i 



BRITISH MADE THROUGHOUT 
BY BRITISH LABOUR 

‘ * SOLE MANUFACTURERS 

The *Rdmie Company, Litpited 

a (Warburton’s Patents) 

Victoria iV^lls,' feredbury, near Stockport 


PRICES ON APPLICATION 



Machines suitable for Belt, - 
Engine, or Electric Motor 
Drives. Central Bottom Dis¬ 
charge Valves 

See our new type of Ball ??ear- 
ing Spindle, the most eco¬ 
nomical and efficient type of 
Spindle Head on the Market 


S£/Vp FOR CATALOGUES A^ PARTICULARS 
FROM fHE MAKERS 

POJT,. CIISSELS. & 'WILLIAMSON 

MOTHERWELL, SCOTLAND 








































M TAR 

And 

AMMONIA FRODOCT!! 

G 

Benzolt); Toluole, Solvent Naphtha, 
Creosote Ci'.s,* Grease Oils, Car- 

' * S 

bolic Acid, Dark Cresylic Acid, 
Granulated (Crude) and Sublimed , 
Naphthalene, Beta Naphthol,’An¬ 
thracene, Refined Tar and Pitch. 
Sulphate of Ammonia containing 
a guaranteed minimum of 25 per 
' cent. Ammonia. 


FOR PRICES APPLY TO THE 

SOUTH METROPOLITAN GAS COMPANSf 

709 OLD KENT. tlOAD 
.ONDbN, S.E.15 

TelegraBMc Adt/refW 

lulu*: “■EIBOOiS, PBOK, tOHDOH ’’ FoM«n: “ MKTROOfS, LOIIDO* ” 


Established 1^4b, 


J.CORTIN,U 


ID. 


'"Chemical Plant Manufacinim's 

MUSHROOM BRAsSWOI^KST 
St LAWP2NCE ROAD, • 

newcastle*«on™e 



Telegraplifc Address— 
bortin^ Newcastle Tyne 
Telephone No. 6S1 Central 



Full Bore AcldVatve 

Sote Makers of 

CORTIN’S ACID VALVES :: 


ELEVATORS, SILENT HEATERS 


Acid Elevator 


PUMPS, TAPS, PLUGS, and SEATS 


Lead Burfiing Apparatus, &c. 


for Chemical Manufacturers 

I ALSO 

' QUN-METAL, PHOSPHOR, BRONZE, 

WHITE-METAL CASTINGS .== 

' ^ 

And Fi^hished Bra^s Goods of Every Description 


GHEMICIL LEAD BURInG-A Spsiitalfty 






Benz«l (pure) 

' .iluol (pure)* 

•• • 

Xylol * 

• 

Solvent Naphtha 

High-Flash Nailljtha 

• • 

Solvenea • 

Naphthalene (pure) 
Carbolic Crystals 
Cresylic Acid 
Orthocresol 
Metacresoi 
Creosote 


Anthracene • 

Pyridipe 
> R^Hn'^d Tar 
*Uitch ,, 

.Fuel OS ‘ 

Blacj^ Varnish 
Oxi't' of Iron 

Ammonia (aji s(reneth>) 
Ammonium Carbonate 
Sulphuric Acid 
Nitrie Acid • 


BENZOL ABSORBING OIL 


Brothertoa 


& Co., Ltd. 

Ammonia ^ Tar* Distillers^ 


Works- 

Birmingham 

‘Glasgow 

Ltiis 

Uverpool 


City Chambers * 

Leeds 


Works— 
Mlddlesbro’ 
* Sunderland 
Wakefield 
\^r|clngton 



FIRECLAY AND SILICA 
^ GOODS V 

OP EVERY DESCRIPTION 

IllfifiEST OUailTY ONLY SUPPLIED 

b. GIBBONS, JuHR.. LTD. 

' DiBLM£ WORKS 

. ■ DUDLEY • 
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• DAVIS BROS., ^ 

Chemical Engineers 

LONDON . ^ ' J, MftNCHESTE'ft 

265 Strand, W.C. ,, ;^66 Deansgate . . 

jjAV-ISfeROSl^ were^ among the firs 
to adapt^ the Column Still J;o •th( 
recovers^ of Ammonia from .Gas Worki 

" O ^ 

Liquor, and have beqn makers oj Cqn 
tinuous Ainmonia Stills and Sulphat 
Plante since 1885. 

, SPECIAUTIES - 

TAR DISTILLATION PLANT 

SULPHATE OF AMMONIA PLANT 
. AMMONIA STILLS 

ANHYDROUS AMMONIA PLANT. 
P ATENT “TREPEX" GAS 
WASHERS. ■ ■ . 

AMMONIA LIQUOR PLANT . 

M^JATE OF AMMONI^PLANT 

SULPHURIC ACID PLANT 

ACID DEARSENICATION_ . _ . 
(wiih_Waste SaturMor^ajee} 


Telephone. . 

1369s Central London 
3060 Central 'Mancheftei*’ 


Telegri^ms: • * 

“Trepex London" 
"Expert l^anchester" 




manufacturers of 

CAST-Ilioffl STRAIGHT PffE5 

• _i# • • • ♦ 

* FLANGEV Oi^ SOCKET AND SPIGOT 
* UP TO 4 METRE LENGTHS • 

FOR * GASWORKS .'&* WATEttWORjCS 


^ .* 'SPJECIALS ,• 

fcp Socket %nd Spigot, Flange, HjJrauHs aftd Steam Pipes 

TUBBING PLATES 

for Collieries and Mines ^ ^ . 

HEAVY CASrriNGS** 

• oflall descriptions^up to 30 tons^weight 

CONSTRUCTIONAL CASl IRON WORIA* 

and General Fi;t^ng8 for Gasworks • ^ 

C.l. Retorts, Retort Ends, Bridge, Dip and 
Ascension Pipes, Syphons, &c.. « 

OPEN SANP CASTINGS 

Floor Plates, Furnace Castings, do, 


Contractors *o g 

The Gas Light and Coke Co. H.M. Admiralty. 

Tottenham and Edmonton Gas Co. India Office. 

Liverpool United Gas Light Co. Crown Agents for the Colonies. 

British Gas Light Co. Natal Government, &c. &c. 

Worthing Gas Light and Coke Co. Metropolitan Water Board. 

Colombia Gas and Water Co. South Hants WatS-Works Co. • 

San Paulo Gas Co. London County f ouncil. 

Southampton Gas Light & Coke Co. Manchester Corporation. 

Brighton and Hove Gas Co. Leeds Corpomtion, Gas and Water. 

Birminghniu Corporation, Gas and Nottingham Corporation, Gas and 
Water. Water. 

Belfast C ‘''poration Gas. Leicester Corporation, Gas and Water, 

H.M. War Office. and many others. 


HOIWEILIRONCP.,1!! 

ASROpOBY, nr. MELTON MOWBRAY 

Tel. Ad.—Holwbll Asfordby." * PO Teu-No. 36 Melton MowBRA 


Manchester and District; GEO. BRADSHAW & CO., 64 Oioss Street, Manchei 


^TEL—"fi^RRO Manchester’ 


, Nat. TEL.-1572. 


Ireland; ROBERT KIRK, 3 and 5 Exchange Street, Belfast 

Tel.—Robert Kirk Belfast.- TEL-519.e^ 



sulphate of AMMONIA 

SATURATORS 

_ * < _ 

OVER. 545° SATURATORS OELlVEftED 
DURlFdG TK£ last FEW. YEARS 



JOSEPH TAYLOR & CO. 

Cbcmical Plant engineers 

BLACKHORSE STREET MILL 

BOLTON 

Telflgrftphic Work^Telephone NOi Beildenoe 

-SATURATORS, BOLTOH” ' 848 BOLTON * sdlTOS 
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Mllilis p!S^IlLLAI!III| 

COlt .TAH • 

, . -,_s- 1 _ . • ; 

Hicd’s Patent .Process 


• . * * . 

LOW WQRKIMG CO^ 

• ./(utomAtic and 

SIMPLE TQ OPEDA'PE, 


Distillates and Pitch dischargeS 
continuously and simultaneously 
after initial adj'jstn*ent , 

• No skilled supervision reguired . 

Particulars from the * 

- SOLE MAKERS: 

W. C. HOLMES & Co., udi 

GAS AND CHEMICAL .^GINeER^ ' • 

WORKS AND HEAD OFFICES:" • 

HUDobiSFIELD 

• • • 

» .•* * 


Telegrams: Holmes, Huddersfield 


Tetephejk 1S7, 


I4MES liyiN6S.T0N, L™’ 

. • SPECIALISTS IM'coMplETE PLANTS^FOR 

-. coil TAR ■pRODiCtS.ihe-. higher 

' •INJERMEDlApSapdDVESTUfFS.Sc. 

-»-- ’■ * 

J'ola European Repr^entatiVes for 

J. P.'DEVilHE CO.,.BUFFALorN.Y. 

Largest flbkers in the World #/* • 

VACtJtJM DR-^ING, EVAPORATING 
IMPREGIiATING, ‘DERESfNATING* 

^ ‘Snci SOLVENT RECOVERY PLANT 

^The folloteing FACTS map be of it 'ert.st: 

Since the outbreak of War, the J. P. D. Co. have built and 
supplied to ALLIED COUNTRIES 

• Over 000 VACUUM DRYERS 

Over 350 C^MPLET| PLANTS for CHEMICAL and DYE PRODUCTS 
CHEMICAL PLANT AUXILIARIES, euch ae AUTOCLAVES (many • 

• hundreds), STILLS (up te over 11,000 Callons capacity) 

. FRACTIONATINQ COLUMNS, KETTLES (NitratinK, Sulphonatine • 
Fusion, Ac. Ac.), PERCOLATORS, Ac,, of a value of 

OVERafi1,000,000 STERLING 

We Invite Enquiries on all Chemical problems, and assure hearty 
co-operation and secrecy. Correspondence in Clients’ own Languages 

• - - 

* AH Communications to 

aAMES LIVINGSTON, Ltd. 

(for over 20'years at Great St Helens, E.C.). 

VACeUM DRYING, SOLVENT RECOVERY, AND 
CHERHCAL PLANT EXPERTS 

SARDINIA ftoUSE, KIN6SWAY. V.C.I 


TeloKranfs and Cables- 

''V'SUtERARY, LONDON" 


Telophoho-^ 

HOLEORN SS 


xAvi ' 



FIIIT-HBW,S0NS&.C1). 

• LIl^gitE'D 

CHURCH FEllTCm, nW LEEDS, 


(ias"^rid. Chehiicar Engrneers 

' §EC0ND:HAND 8LANT'‘SREC!ALiSTS 



' WE ALWAYS KEEP A LARpE STOCK 
OF GOOD OVERHAULED SECOND¬ 
HAND PLANT, AND AT ALL TIMES 
GUARANTEE SATISFACTION 

SEND US YOUR ENQUIRIES 

CQNjSTRUCTIONAL .IRONWOR^ 
5TEEL BUILDINQS^EREC^TeD 

FIRST CLASS WORKMANSHIP 


ASK FOR STOCK LIST 






THE BMTISHVAS PURIFYING 
, MATERIAIS COMPANY, Ud- 

(W. T. 'f. CUMNINQH^H, Chief Frd’priftor Md Manafinj Dirertor) 


MrNERS* OF ENGLISH 'BOq ORE 
^ AND RICH ’natural HYD’RATED 
* OXIDE OF IRON ^ 

DEALERS In S-PENT OXIDE 

• '' 71)1 ^ ^ ' 

Registered (/.‘'//cts— 

t3 ARCADijiN GARDENS, WOOD Gkccn 
. ' , LONDQN, N.22 

T^egraphic Address - Telephone— 


‘■BRIPURIMAT, WOOD-LONDON” 


■PALMER'S GREEN, 8 08 '- 


WE SPECIALIZE 


IN‘SMALL GAS WORKS 

and solicit enquiries for 

EXTENSIONS & RENEWALS, GASHOLDERS 
PURIFIERS, CONDENSERS, WASHERS 
SCRUBBERS, WATER TANKS 
Etc. 


.PORTER, (SL CO. 

Gas Engineers 
L I N C O L N. 

, ESTABLISHED tS55 

T^grams; 

"PORTEL, LINCOLN” 


Telephone: 

m 
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“BRPWNO^DE-LUXr 

purify'inc .mater!:al 


sp.^^rr•oxg5 E porcHasEd 


SULF^HURIC ACID 

•% 

for 

Sulphate of Anr 

h ■ E 

TAR PRODUCTS 


ENQUIRIES SOLICITED 

■ 

J. BROWN A CO., LTD. 


* SAVILE TOWN 

dewsburV 
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,Eta; 


^ Iron tFounders dn3 ConstrucUonfl En^neers 

^M^N^JBCTORERS OF ALL DESCRIFKONS Of PLANT FOR 

GAS WOi?K$,«CbK^ OVENS and 
RESiDUAL" PRO'P>UCTS W^TKS 

t 

N0N-MjeC^4NICAL WASHSrS 
TOBULAR CONDENSERS , 
ERjf^TION'ATING COKDE-NSERS 
DEPIiLEGM'ATORS' 

TAR dehydration PLANTS 
STORAGE TANKS, &c. &c. 

Works:> London Office: 

FR.0ME, SOMERSET 39 Victoria Street, Westminster, 8.W.1 


* Notice 

to those interested in 

Coking and By-Products 

A Cokiiij' ,'”id By-l’roducts Section appears in the first issue of 
“The Gas Worhl” each niontli. Copies containing it will be sent, 
post free (in the United Kingdom), for fls. per annum. Single copies, 
jLrice 4 d.; by post od. 

t * 

* ,The above Section is tlie official organ of the Coke Oven Managess’ 
Association. « 

Vhis Sl.'tion contains.refiorts of meetings, descriptions of plant and 
apparatus, paiiers relating^to (toking and By-Pro(kictS and much 
general inlormatiou eonc^ning the industry. 

The annual subscription to “The Gas World," if sent wckly, including a copy of "The 
Gas World" Vear Book, is. United Kingdoii, 19s. Od. prepc'i. Abroad, 21s., prepaid. 

-- H , i, 

“ The ^ World ” Offices, 8 Bouverie Street, London, EX.4 ^ 
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192,320,000 cnj)ic feet 
‘KIRKHAM, HULE’rf ’S^CHANbLdR, LTI 

37 & 3S.Norlolk House, Norfolk Street 


* STRA*ND,^ W.C.2 * 

T<k«r#«f-'*WMher Ettrand, London'* *Phone'^43 Clt 
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